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INTRODUCTION 


The physiological effects of starvation have been investigated by 
numerous observers and many papers have been published on the 
subject. Castellino noted a decrease in the alkalescence of the blood 
in starving rabbits in 1893, and in the following year Tanszk observed 
the same phenomenon in Succi’s blood during a period of starvation. 
This result was confirmed by the careful studies of Benedict (1) in 
1907. London also observed a slight decrease in blood alkalescence 

in starving rabbits. The appearance of acetone bodies in urine and 
expired air, which is characteristic of the late stages of starvation, has 
also been extensively studied. The output of carbon dioxide is said 
by various authors to show a steady reduction throughout periods of 
inanition. Thus Benedict reports that the carbon dioxide content of 
the alveolar air was subnormal on the second day of a fast. There- 
after it held constant until the fourteenth day, when a second drop 
occurred, after which. it suffered no further reduction. In each case 
the fall in tension amounted to about 4 mm. Hg. Thus it may be 
inferred that a tendency toward acidosis developed in this individual 


on the second day and that this tendency toward acidosis was accen- 
tuated on the fourteenth day. 

We know that the hydrogen ion concentration of the blood rather 
than the carbon dioxide tension is the predominating factor in the 
control of respiration, and also that the acidity of the blood may be 
divided into two parts, one due to carbon dioxide and another one 
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due to other acids. As the total hydrogen ion concentration necessary 
to stimulate the respiratory center must always be the same, it is 
readily seen that if the other acids in the blood increase in amount, 
the tension of carbon dioxide will decrease. Since alveolar carbon 
dioxide tension represents closely the carbon dioxide tension in the 
arterial blood, it affords a good index of the acidity of the blood. 
Therefore this index may be much more satisfactory and important 


than the urinary tests for acidity. 

Van, Slyke and Cullen (2) have recently adopted the plasma bicar- 
bonate as the ideal measure for the alkaline reserve of the blood; a 
criterion much better than the measurement of the alveolar carbon diox- 
ide tension for the purpose of determining ‘acidosis’ in the modern ‘ 
broader sense. For this determination they published a new method 


and designed a suitable apparatus. 


TABLE 1 


Influence of two extractions 


DAYS OF FAST....... ‘ccumshetiecuiaal 3 4 7 


CO: in 1 ce. arterial plasma (°°* **:| 9-3642 | 0.3522 | 0.3369 | 0.1723 | 0.2204 
: 7 —_— \agm .| 0.7150 | 0.6911 | 0.6616 | 0.3377 | 0.4328 


CO, of the same animal pre-fec. .. _| 0.5170 | 0.4028 | 0.4112 | 0.3960 | 0.3268 
ceding day................{mgm..} 1.015 | 0.7902 | 0.8071 | 0.7778 | 0.6419 


TABLE 2 


Influence of second extraction on moribund animals 


ANIMAL NUMBER..... 28 | 17 
on, of mat 0.4486 | 0.4280 | 0.4468 
n c. asmé 
\mgm..................] 0.8812 | 0.8406 | 0.877 


TABLE 3 


Arterial plasma bicarbonate in short time after death 


DAYS OF FAST aE Se ‘ 12 14 15 18 
ANIMAL NUMBER 24 26 23 | 27 
CO 0.5907 | 0.5837 0.7220 0.8583 
0 at | 1.101 1.1467 | 1.4182 | 1.6860 
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TABLE 4 


Arterial plasma bicarbonate during starvation 


ANIMAL CO CO ANIMAL 
NUMBER NUMBER 


CO). 


mgm mgm 
Normal 0.5495 078 18 0.5666 0.113 
Days of fast 
0.4938 .9690 
0.5170 015 
0.4028 7902 
0.4096 8040 
0.4088 8026 
0.4112 8071 


0.3960 


3830 7518 
10 3268 6419 
11 : 3423 6722 
12 
13 6813 
14 
15 
16 , 0.3723 0.7311 21 0.2720 0.5141 


As was shown by several authors, it is doubtless a fact that inthe blood 
during fasting an acidosis develops. I have wished to determine the 
acidosis precisely by Van Slyke and Cullen’s method and found in the 
blood plasma of 28 rabbits a similar fall of bicarbonate as reported by 
Benedict (3) on the finding of Levanzin’s alveolar air. 

This research was begun in January, 1918, at the Institute for 
Forensic Medicine of the Tokyo Imperial University and concluded in 
May, 1918. A preliminary report of the work was made at the Forensic 
Medical Department of the Fifth Japanese Medical Congress in April, 
1918. I desire at this time to express my hearty thanks to Prof. Dr. 
K. Katayama and Prof. Dr. 8. Mita for their kind assistance in the 
direction of my experiments. 


MATERIAL AND TECHNIQUE 


I collected the arterial blood by means of a cannula tube, allowing 
it to flow into potassium oxalate solution under a layer of paraffin oil. 
The oxalate solution was of strength such that the salt amounted to 
about 0.5 per cent of the blood in the tube. The blood thus drawn 
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was centrifuged immediately and 1.0 cc. of the plasma was subjected 
to the determination, according to Van Slyke and Cullen’s description. 
The determination was carried out two or three times on one and the 
same sample and the average of these was adopted as a result. 


RESULTS 


Of 28 rabbits used in these experiments, the results of nos. 1 to 6 
were discarded because of technical errors. Nos. 8, 13, 14, 19, 21 
and 22 died in the course of the fast, consequently their blood 
plasma bicarbonate could not be determined. The blood of nos. 23 
and 26 was taken immediately after their death and subjected to de- 
termination. The remainder, i.e., 14 rabbits, were examined before 
death. The plasma bicarbonate is remarkably influenced by the 
condition of the animals as the following results will show. 


TABLE 5 
Loss of body weight 


NUMBER OF ANIMALS 

9 11 15 16 19 7 8 
1 2024 | 2328 | 2150 2000 1924 
2 | 1910 | 2190 | 2012 2134 1848 | 1518 1820 
3 | 1860 | 2150 | 1940 | 2126 1764 1380 Dead 
4 | 1790 | 2075 | 1872 1934 
5 | 2000 | 1812 | 1920 Dead 
6 1764 1904 

Dead | 
7 1904 


Italic figures indicate the first extraction of blood and heavy face figures the 
second extraction. Animals were not permitted to survive the second bleeding. 


1. Influence of various conditions on the arterial plasma bicarbonate 


a. Two or more extractions of blood from carotid. As seen in table 
1, the plasma bicarbonate is enormously reduced by the second 
bleeding in animals yet capable of surviving for several days. Butin 
the case of an animal moribund from inanition, the plasma bicar- 
bonate, on the contrary, is more or less increased, as shown in table 2. 

b. In short time after death. Shortly after death the arterial plasma 
bicarbonate definitely increased as compared with the moribund state. 
This applies equally for the first as for the second bleeding, as is evident 
from table 3. 
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2. The amount of plasma bicarbonate in the arterial blood of 


fasting rabbits 


As seen in table 4, the arterial plasma bicarbonate is about 55 volume 
per cent before the fast, about 50 on the first and second days of the 
fast, and from the third to the ninth day it falls to a level of about 40 
volume per cent; afterwards there occurs a third rather moderate fall, 
namely, to about 34 volume per cent which remains without any further 
change until the sixteenth day, when q@eath usually occurs. 


3. Loss of body weight during the fast 


As presented in tables 5 and 6, the body weight of most experi- 
mental animals is seen to be remarkably reduced on the second day of 
the fast, but the rate of the weight loss is subjected to an extreme 
fluctuation on account of individual variations and is not necessarily 
: influenced by drawing of blood. The 11 rabbits in table 6, i.e., nos. 12, 


x 17 and 20 to 28 were left in the state of absolute fast until death. 

% They lived for 11 to 20, in the average 14.5 days and lost in the end 
: 27.69 to 52.37, in the average 41.78 per cent of their initial body weight, 


the same as recorded by several authors. There seems to exist no 
special relationship between the loss of body weight and the fall in 


f plasma bicarbonate. The more or less conspicuous loss of body weight 
‘i on the second day of the fast which was often but not always observed, 
& seemed to have some relationship with the first fall in arterial carbon 
- dioxide tension; the second and third falls, however, were accompanied 
, by no precipitate loss of weight. 


4. Finding by autopsy 


Although the experimental animals lost markedly in weight, the 
stomachs were invariably found to contain a considerable amount of 
grayish fecal material. Gross changes were seldom apparent in the 
organs; coccidosis of liver and intestinal ulcers with bleeding was noted 
e in no. 24, and intra-muscular hemorrhages were found in no. 16. The 
urine was usually clear and acid to litmus. 

Microscopically I found intensive congestion in small arteries and 
capillaries of every organ (brain, lung, liver, spleen and kidney) and 
cloudy swelling, vacuolarization and atrophy of various degree in the 
parenchymatous cells of liver and kidney. None of my preparations 
show fatty degeneration except in ovary and adrenal. Hemosiderosis 


of liver cells and pigmentation of spleen were strikingly obvious in 
animals after 10 days’ fast. 
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CONCLUSIONS 


1. On the first and second days of starvation, the plasma bicarbonate 


in the arterial blood of rabbits showed a drop from the normal value. 
On the third day of the fast there was a second rather sharp fall, 
after which there was no change until the ninth day. On the tenth 
fasting day there occurred a third rather moderate fall, after which 
no further marked change took place until the end of life. Generally 
the arterial plasma of rabbits has 55 volume per cent of carbon dioxide. 


The first fall is about 5 volume per cent, the second about 10 and the 
third about 6 volume per cent. 

2. The amount of carbon dioxide in the arterial plasma is influenced 
considerably by the condition of the animals. After one extraction of 
10 ce. blood from the carotid the acidosis seems to be conspicuously 
increased, because by the second extraction the amount of carbon 
dioxide is always less than that of the first extraction on the same 
fasting day. 

In the moribund state a contrary result is obtained, i.e., the amount 
of carbon dioxide in the arterial plasma does not decrease but increases. 
This is also the case in the arterial plasma immediately after death. 
This increase is, I think, not due to bjcarbgnate, but rather to an 
accumulation of carbon dioxide caused by the failure of the circu- 
latory as well as the respiratory functions. 

3. The rate of the loss of body weight is subjected to wide individual 
fluctuations which may or not may be influenced by the blood ex- 
traction. The animals lived in the state of an absolute fast for 11 
to 20, in the average 14.5 days and at the end of life had lost 27.69 
to 52.37, in the average 41.78 per cent of their initial weight. 

There is no demonstrable relationship between the loss of body 
weight and the fall in amount of plasma bicarbonate. 

4. Microscopically many organs showed cloudy swelling, vacuolari- 
zation and atrophy. There was invariably an intensive congestion in 
every glandular organ, but fatty degeneration was found almost in 
no case. 
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STUDIES ON, THE EXTRACT OF LUNG 
KOWSAKU KAKINUMA 
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Received for publication May 15, 1919 
INTRODUCTION 


Brieger and Uhlenhuth (1) reported that the hypodermic injection 
of tissue extract into guinea pigs caused death. More recently Kraus 


and Volk (2) stated that the intravenous injection of the extract of 


tuberculous tissue killed guinea pigs. Dold (3), (4) reported further 
that the extract of normal lung, injected intravenously into rabbits 
and guinea pigs, caused death and it was also found by him that the 
toxin involved in this reaction was neutralized by normal fresh serum. 
Since then various authors (5), (6), (7), (8), (9), (10), (11), (12), (13), 
(14), (15), (16) have studied the nature and property of this tissue 
toxin, but their results have been very contradictory. Thus it may be 
suspected that the tissue toxin in itself is not a simple body. I have 
investigated the toxin-neutralizing power of a number of substitutes 
and also studied the influence of the toxin upon the sugar content of 
the blood. 


METHOD OF PREPARING THE LUNG EXTRACT 


a. The extract of beef lung. From one to two hours after death, the 
lung was minced and five parts in weight were mixed to seven volumes 
of 0.85 per cent sodium chloride solution and allowed to stand two 
hours in the cold. Then it was passed through lint and the filtrate 
was centrifuged until the supernatant fluid was free of solid matter. 
This supernatant fluid was used as the lung extract. 

b. The extract of the lungs of rabbits and guinea pigs. Immediately 
after the death caused by bleeding the lung was taken out and was 
extracted in the same way as above. 


SYMPTOMS OF INTOXICATION IN GUINEA PIGS 


All the experiments on the toxic action of the lung extract were 
carried out on guinea pigs and the injection of the extract was done 
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into the external jugular vein. When a lethal dose of the extract was 
thus given intravenously a large majority of the animals were much 
stimulated, urinated and stooled, had a general clonic convulsion, 
after which the respiration was labored and in two or three minutes 
coma developed followed shortly by death. In other cases the 
symptoms were not so typical; the latent period of the reaction was 
prolonged and death did not follow for an hour or two hours. When 
sublethal doses were given, some of the animals were thrown into 
convulsions, which were followed by labored respiration as above and 
then after a few minutes to many hours were completely restored; 
others showed only a transitory dyspnoea. Subcutaneous and intra- 
peritoneal injections produced no acute symptoms. 


TOXICITY OF LUNG EXTRACT 


The minimal lethal dose of beef lung extract was determined upon 
guinea pigs by intravenous injection. The extract was always freshly 
made. In the table (table 1) the notation (+) indicates death within 
one hour; the notation (— ), failure of the dose to kill. Because of vari- 
ability in the resistance of guinea pigs, each dose was tested on two 
animals and the minimal dose sufficient to kill both animals was taken 
as the minimal lethal dose. In the table this has been expressed in 
cubic centimeters per 100 grams body weight. 

As table 1 shows, the toxin varied in potency, the minimal lethal 
dose on guinea pigs with intravenous injection ranging from 0.02 
to 0.15 cc. per 100 grams of the body weight. 


ON THE INFLUENCE OF GLUCOSE UPON THE TOXICITY OF THE LUNG 
EXTRACT 


The observation by Dold that a fresh serum neutralized the tissue 
toxin has been confirmed by many authors. In this connection I 
undertook to study the influence of 10, 15 and 42 per cent solutions of 
grape sugar upon the potency of the toxin. In these experiments 
glucose and extract of beef lung were mixed in vitro in the proportions 
shown in the following table (table 2) and injected into the external 
jugular vein of guinea pigs. 
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TABLE 1 
The toxicity of the beef lung extract on guinea pigs 


AMOUNT OF 
EXTRACT IN- 
BODY JECTED PER 
WEIGHT 100 GRAMS 
| OF BODY 
WEIGHT 


TIME FROM 
INJECTION 
TO DEATH 


grams | ec. minutes 
380 d 0.06 
400 ; 0.03 
380 | 0.03 
4100 | | 0.02 
380 | g 0.02 
390 | 0.02 
400 0.01 


450 0.02 
| 370 | 0.02 
{| 370 | 0.02 

350 | 0.03 
320 | 0.03 


440 
600 
610 
640 
570 
55 

610 
830 
500 
580 


0.03 
0.03 
0.03 
0.04 
0.04 
0.05 

.05 


July 17 


0 0 0 HO WO 


430 
450 

|| 510 
450 


400 

510 

| §20 


490 


300 
400 
500 


570 


August 10.... 


1] 
DATE at 
} 

3 t 6 

| 

(| | 

(| 
| | | 

i 
| | 
|| | a= 
0.1 18 
0.1 12 
0.1 | 38 
| 0.03 
| 0.03 
| Q | 0 05 | T 25 
| ° | 0.05 | 16 
0.01 
°) 0.01 
0.02 1] 
0.02 15 
|_| 0.05 3 
0.05 
0.08 
0.1 } 3 


August.12 


September 2.. 


September 11 


September 14.... 


September 17 
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TABLE 1 


BODY 
WEIGHT 


grams 


410 
420 
420 
420 
550 
380 
440 
490 


400 
500 
290 
520 
500 
500 


570 


400 
500 
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Concluded 


AMOUNT OF 
EXTRACT IN- 
JECTED PER 
100 GRAMS 
OF BODY 
WEIGHT 


TIME FROM 
RESULT INJECTION 
TO DEATH 


minutes 


| 


++++ 


+++++ +4 


12 
| 
ec. 
| 0.02 
| 0.05 
7 | 0.05 10 
| ©@.2 15 
45 
7 0.15 55 
@ | 0.15 | 5 
9 | 02 | 9 
| @ | O1 | | 6 
| 9 | 0.05 | | 13 
9 | 0.05 | | 50 
0.02 | 5 
| 0.02 | 5 
| | | 0.01 | 
9 | OO | 
| | 
| | | | 
| 002 | + | 9 
‘| 490 9? | 00 | + | 6 
| 0.05 | + | 55 
|} 450 | 9 | 0.08 | + | 5 
|| 520 + 4 
| 360 Q | 01 + | @ 
§ | | 
(| 510 | 00 | 
| 440 0.1 
...)| 360 0.1 
360 0.15 + 3 
420 0.15 7 
400 0.05 _ 
: 380 P 0.1 + 55 
120 01 + 10 
450 0.15 4 34 
510 9 0.15 + 19 
390 0.2 + 
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BODY 
WEIGH 


July 11 


July 11 


September 2. 


July 11 


September 2. 
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TABLE 2 


solution upon the to 


pigs 


AMOUNT 
OF LUN¢ 
EXTRACT 
PER 100 
GRAMS Of 


AMOUNT 
or NaC! 
SOLUTION 
0.85 PER 
CENT 
MIXED 


NT OF GLUCOSI 


MIXED 


AMO! 


10 per cent solu- 
tion 
0.5 


t solu- 


13 
BODY 
WEIGHT 
grar te 
350 0.03 50 
320 0.03 6 
400 0.03 
380 ° los 0.03 
310 1.5 0.45 - 
360 ° 1.5 0.06 | 26 
370 1.5 0.09 20 
390 A 1.0 0.03 + 50 
520 ° 0.02 | 5 
500 0.02 5 
430 0.5 0.02 12 
440 1.0 0.02 
400 1.5 0.02 
390 1.5 0.03 
410 1.5 0.05 7 
15 per co iii” 
tion 
390 0.5 0.03 
320 ’ 1.0 0.03 
350 A 1.5 0.03 
350 1.5 0.045 
350 ’ 1.5 0.06 
7 370 ° 1.5 0.09 + 20 
360 n 1.5 0.175 + 15 
350 A 0.03 + 50 
320 0.038 6 
170 1.0 0.03 : 32 
520 0.02 5 
500 0.02 5 
170 1.0 0 02 + 35 
340 0.5 0 02 
380 1.5 0.06 
370 1.5 0.1 
490 1.5 0.15 t 14 
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TABLE 2—Continued 


AMOUNT 
AMOUNT 


bry | OF LUNG 
BODY AMOUNT OF GLUCOSE | soLuTION |, ©XTRACT TIME FROM 
PER 100 | RESULT |INJECTION 


SEX 
WEIGHT MIXED (0.85 PER GRAMS OF TO DEATH 
BODY 


CENT) 
MIXED WEIGHT 


les 


ce. oC. ce. minute 


42 per cent solu- 
tion 


August 17 


1 
1 
1 
1 
1 
1 
1 
1 


September 2 


September 11 


14 
(1918 
grams 
500 0 13 
580 ; 0 }- 38 
560 0.5 0 + 43 
500 0.5 0 15 
560 * 1.0 0 + 19 
[ 680 1.5 0 60 
370 |? g¢ 1.5 0 + 20 
|| 590 : 2.0 0 — 
|| 570 fe) 2.5 0 | — 
520 3.0 0 
500 J 3.0 0 + 13 
{| 520 0.02 5 
500 9 0.02 + 5 
160 | ¢ 0.5 0.02 j 
300 1.0 0.02 
380 A 0.5 0.05 + 10 
330 1.5 0.08 
260} ¢ 1.5 0.1 
100} 15 0.1 
}; 420 5 1.5 0.12 + 7 
380 1.5 0.12 
{| 490 fe 0.05 6 
460 ‘ 0.05 + 55 
550 | 0.5 0.05 }- 8 
|| 640 n 1.0 0.05 4 18 
530); 1.0 0.05 
|| 490 2 1.5 0.05 -- 
|| 600 2 1.5 0.1 -- 
540 fe) 1.5 0.1 + 17 
500 1.5 0.15 28 
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TABLE 2 


AMOUNT 

OF LUNG 
EXTRACT 

PER 100 RESULT 
GRAMS OF 

BODY 

WEIGHT 


AMOUNT 

or NaCl 
BODY AMOUNT OF COSE SOLUTION 
WEIGHT MIXED 0.85 PER 
CENT) 

MIXED 


September 14 


September 


The results obtained in the above experiments may be summarized 
as following: 

1. One cubic centimeter of 10 per cent solution of glucose is effective 
to protect guinea pigs against the minimal lethal dose of the beef lung 
extract and 1.5 ce. of the same solution protects against 1.5 times the 
lethal dose. 

2. Five-tenths cubic centimeter of 15 per cent solution is also effee- 
tive against the minimal lethal dose and 1.5 cc. against 2 to 3 times the 
lethal dose. 

3. Five-tenths to one cubic centimeter of 42 per cent solution is 
effective against the minimal lethal dose and 1.5 cc. against 1.5 to 
5.0 times the minimal lethal dose. 


Therefore it is certain that glucose is effective in protecting guinea 


pigs against the beef lung extract, but the nature of such action is still 
obscure. 


15 
|| 360 0.15 11 
$20 0.15 } 7 
130 0.5 0.15 10 
540 1.0 0.15 
420 1.0 0.15 
500 ” 1.5 0.15 
500 1.5 0.15 
520 : 1.5 0.25 
370 1.5 0.3 24 
280 1.5 0.3 
380 0.1 55 
110 0.5 0.1 23 
390 1.0 0.1 t 16 
100 ’ 1.5 0.1 
j 110 1.5 0.2 
100 1.5 02 
420) 1.5 0.3 14 
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TABLE 3 


The influence of adrenalin upon the toxicity of the beef lung extract for guinea pigs 


DATE 
(1918) 


August 12 


September 2 


September 11. 


September 14 


BODY 
WEIGHT 


grams 
420 
420 
550 
420 
390 
570 
380 
440 
450 
560 
490 
450 
570 
360 
470 


520 
500 
300 
450 
350 
390 
330 
340 
390 
340 
390 


490 
460 
540 
400 
390 
580 
350 


360 
420 
520 
480 


AMOUNT OF 
Lx N- 

amoUNT oF|EXTRACT 
ADRENALIN|PECTED PER 
| 100 GRAMS 


INJECTED 
ae OF BODY 
WEIGHT 


or or or or 


to 


RESULT 


TIME 
INJECTION 
TO DEATH 


minutes 


} 
| 
16 
ce ce. 
0.05 | — 
a Om | + 10 
| | 0 | + 15 
| | 7" | | 0 | + 15 
7 | 08 | 0 | - 
02 | O 
| | | 
0 + 55 
9 | | oO | + 5 
02 | 0 
| 9 | 0 | + | 9 
= 0.3 | O | + 30 
03 | OM | + |= 24 
| 9 0.2 | 0 | - | @ 
02 | O + | 16 
| | | | 
0G | + | 
| oo2 + | 5 
|} 0 | 0.02 | 
9 0 |} 0.02 | ~ 
0 | 0.04 | + 8 
0 | 004 — 4 
Of | 005 + 25 
0 | 0.05 | 
i. 9 0 0.06 | + 20 
o8 | 00 | 
| 0.05 | + 6 
| 0.05 | + 55 
0 | 0.05 | 
0 + 27 
| 9 0 01 
| Q 0 0.15 + 8 
| | | 
0.15 -+- 7 
0.2 0.15 5 
0.2 0.15 
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TABLE 3—Concluded 


AMOUNT OF 


EXT T IN- 
AMOUNT OF ETRACE TIME FROM 
NJECTION 
WEIGHT 100 GRAMS 
INJECTED ro DEATH 

OF BODY 


W EIGHT 


September 17.. 


September 17 


ON THE INFLUENCE OF ADRENALIN UPON THE TOXIC EFFECT OF 
THE EXTRACT 


There are many clinical and experimental publications on the toxin- 
neutralizing power of adrenalin, but all these reports do not harmonize 
and the nature of the neutralizing actionisyetunknown. The following 


experiments have been made to determine the biological influence of 
adrenalin on the extract of the beef lung. 

After the hypodermic injection of 0.2 to 0.3 ec. of adrenalin (ad- 
renalin chloride, 1: 1000, Sankyo and Co.) the extract of beef lung 
was immediately injected into the external jugular vein of guinea 
pigs. 

From table 3 it is to be seen that the hypodermic injection of ad- 


renalin (0.2 to 0.3) is effective to protect guinea pigs against 1 to 1.5 
times the minimal lethal dose of the beef lung extract. 


ON THE INFLUENCE OF THE INTRAVENOUS INJECTION OF THE LUNG 
EXTRACT UPON THE SUGAR CONTENT OF THE BLOOD 


After studying the neutralizing and protective effects of glucose 
and adrenalin against the lung extract, the influence of the toxin upon the 
blood sugar was taken up for investigation. It is well known that 
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17 
1918) 
110 0 0.15 
370 ; 0 0.25 i 39 
330 0 0.25 17 
170 0 0.3 j 
390 0 0.3 
420 of 0.1 10 
380 | 0.1 t 55 
390 9 0 0.1 
$20) 0 0.1 10) 
.... 440 0 0.15 | 
430 0 0.15 21 
440 0 0.15 12 
430 g 0 0.2 + 2S 
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hyperglycemia is caused by injection of various toxins. The lung 
extract of guinea pigs was injected intravenously into rabbits and the 
blood sugar was determined by Bang’s micromethod. In this series 
of experiments, rabbits were mostly used and special precautions were 
taken to avoid other influencing factors. 

TABLE 4 


The influence of the lung extract of guinea pigs on the sugar content of the blood 
of rabbits 


BLOOD SUGAR CONTENT (PER CENT 


AMOUNT 

BODY oF 
WEIGHT EXTRACT) Before 
tion 2} 3 


Hours after injection 


grams 
1790 
1680 0.0950 
2370 2 0.131 0.103 0.1020. 104 
2560 


This table shows that the injection of the lung extract causes a 


slight increase in the blood sugar. 


SUMMARY 


1. Intravenous injection of beef lung extract in guinea pigs in- 
variably causes dyspnoea and, in a majority of cases, convulsions as 
well. 

2. The minimal lethal dose of the beef lung extract for guinea pigs 
on intravenous inoculation varied from 0.02 to 0.15 ec. per 100 grams 
of body weight. 

3. Glucose destroys the toxicity of lung extracts. Thus 1.0 ce. of 
10 per cent glucose mixed with the minimal lethal dose of lung extract 
renders the latter inert. Additional figures are given in the text. 

t. Hypodermie injection of adrenalin immediately before an intra- 
venous lethal dose of lung extract was protective in effect. 

5. Intravenous injection of lung extract causes a slight increase in 
the blood sugar of rabbits. 


I take this opportunity to express my gratitude to Prof. Dr. 8. Mita 


for his suggestions, advice and criticism in carrying out this 


investigation. 
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INTRODUCTION 


The vital staining method by injection of lithium carmine solution 
into the ear vein of living animals has recently been applied to investi- 
gations in the field of medicine and biology. But the chemical reac- 
tion between the stain and the living cells is as yet obscure. Many 
authors assume some specific granula in the protoplasm of the living 
cells which serve to take up the stain. Kiyono (1), (2) assumes their 
increase in the supravital state from the fact that carmine granula 
taken up by surviving cells are always more in number and finer in 
size. Though nearly all living cells take carmine stains, the epithelium 
of the bile-duct is never found to be stained because, presumably, of its 
alkaline reaction, while cells of brain, plexus chorioideus ventriculi 
quarti and the intestinal mucous membrane take the stains in a trace 
and in a state of the finest granula, again presumably on account of 
their rather alkaline réaction. We know also that the carmine stains 
are quite toxic to the living cells and because of this an ideal staining 
requires one administration a day in a not very toxic dose, at least for 
several days. From these data I would like to conceive that the car- 
mine granula are not due to staining of the specific intracellular granula, 
but are due rather to a physical and physico-chemical phenomenon, 
which takes place as a consequence of acidosis in the organism caused 
by the carmine injection. 

This research was begun for the purpose of testing this hypothesis in 
October, 1917, and concluded in April, 1918, at the Institute for Forensic 
Medicine of the Tokyo Imperial University. It was presented before 
the Pathological Section of the Fifth Japanese Medical Congress held 
in April, 1918, in Tokyo. In connection with this report I acknowledge 
my pleasant obligation to express gratitude to Prof. Dr. K. Katayama 
and Prof. Dr. S. Mita for their kind direction and helpful advice. 
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EXPERIMENTAL 


First I demonstrated the precipitation of carmine granula from the 
lithium carmine in a very dilute solution of hydrochloric acid in vitro, 
secondly the acidosis in the blood of guinea pigs in which the stains 
were intraperitonally administered, and thirdly I realized a more con- 


spicuous staining in animals in which acidosis was previously called 


forth by various manipulations. 

The method carried out and the results obtained were as follows: 

1. Precipitation of carmine granula from the lithium carmine solution 
made acid by the addition of a very small amount of hydrochloric acid. 
I dissolved 5 grams of the purest carmine (Griibler) in a saturated solu- 
tion of lithium carbonicum. The reaction of the solution obtained 
was strongly alkaline, that is, it blued litmus paper sharply. ‘There 
was never found microscopically any visible granula in the solution 
after filtration through gauze. I put it into a test tube, diluted it with 


rABLE 1 


Plasma bicarbonate of normal guinea pig 


Body weight (grams 510 544 
CO, (ee. in 1 ec. plasma) 0.3806 0 0.4082 0. 4087 


aqua distillata or blood plasma of normal rabbits and microscopically 
found as before no visible carmine granula in it. But as soon as | 
added some drops of 0.1 per cent solution of hydrochloric acid the 
color of the carmine red solution turned a little pale, and in a sample of 
it many red granula became microscopically visible. After 24 hours 
the solution was separated in two different parts: the greater upper one 
consisting of clear colorless watery fluid and the smaller lower of a red 
sediment. I observed the similar precipitation also by addition of 
various electrolytes, e:g., ammonium sulphate, calcium chloride, silver 
chloride, ete., and also of various acids, but it did not happen when 
sodium bicarbonate, sodium chloride, ete., were added; in the case of 
Ringer’s solution it became purplish without, however, any precipita- 
tion. The lithium carmine solution was dialysable through the thimbl 
(Carl Schleicher and Schill) extraordinarily slowly 

It is evident from these in-vitro experiments that carmine is capabl 


of dissolving in alkaline lithium carbonicum solution in a state of col- 
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loidal solution, but is liable to precipitation in a slightly acidified solu- 
tion or a slight excess of hydrogen ion concentration on the one hand 
and also in the presence of electrolytes of an easily dissociable sort on 
the other hand. 

2. Acidosis in the blood plasma of guinea pigs stained vitally with 
lithium carmine. I injected intraperitoneally 1 or 2 ec. of 5 per cent 
lithium carmine solution, after sterilization and filtration through 
gauze, into guinea pigs once a day for more than ten days. 1 collected 


TABLE 2 


Body weight loss of guinea pigs in the course of vital staining with lithium carmine 


solution 


GUINEA PIG 


DAYS OF AMOUNT OIF 
EXPERIMENT 3 4 ? CARMINE INJECTED 


Body weight Body weight Body weight 


grams grams 
590 
570 
590 
610 


620 
636 
600 
530 
500 
480 


| 
| 
| 


* Blood drawn. 
+ Blood drawn and killed. 


the arterial blood from the carotid by help of a cannula into a paraffined 
centrifuge tube containing a layer of paraffin oil and provided with 
potassium oxalate to make about 0.5 per cent the weight of the blood 
drawn, under precautions to prevent its free contact with air and to 
avoid any agitation. The blood thus drawn was centrifuged immedi- 
ately and 1 ec. of the plasma was subjected to Van Slyke and Cullen’s 
determination of bicarbonate. The determination was carried out two 
or three times on the one and the same sample and their average figure 


| 
| 
1 590 1.0 
2 560 1.0 
3 590 1.0 
4 615 1.0 
6 {28 600 1.0 
7 416* 620 2.0 
8 100 560 2.0 
9 110 530 2.0 
10 380 500 2.0 
11 360 $76 2.Q 
12 
13 420+ 
14 3904 
i 
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was adopted as a result. As two or more bleedings reduce the amount 
of plasma bicarbonate, as I have previously shown in fasting rabbits 
(4), the first blood sample only was used to the present experiments. 

a. Plasma bicarbonate of normal guinea pigs. As seen from the table 
1, in guinea pigs the plasma bicarbonate was determined at 40.87 
volume per cent, i.e., much less than about 60, the value in man, rab- 
bits and many other animals. It was, I think, because of their far 
more vivacious motion than that of rabbits, ete., before being attached 
to the fastening apparatus. 

b. Body weight loss of guinea pigs in the course of vital staining witl 
lithium carmine. As shown in table 2, the intraperitoneal administra- 
tion of 1 cc. lithium carmine to three guinea pigs of 435 to 590 grams 
i.e., of 0.19 ce, per 100 grams seems not to affect their health, but that 
of 2 ce. to the animals of 416 to 636 grams, i.e., of 0.358 ce. per 100 
grams, markedly reduces the body weight. 


rABLE 3 


Plasma bicarbonate of guinea pigs after vital 


3 


Day of blood drawing 13th 7th 14th 
CO, (cubie centimeter 0.2354 0 3109 0.1573 
CO, (milligram in 1 ec. plasma 0.4625 0. 6066 0.3082 


Therefore it may be said that 5 per cent lithium carmine has a toxic 
action when more than 0.35 ec. per 100 grams is intraperitoneally 
administered to guinea pigs. 

c. Plasma bicarbonate of guinea pigs after vital staining with 5 per cent 
lithium carmine solution. These results are presented in table 3. Tak- 
ing 40.87 per cent as the normal value for the arterial plasma bicar- 
bonate, it will be seen that the treatment with lithium carmine solution 
has a very decided effect. No. 4, on the seventh day of the experi- 


ment, with an insignificant loss in body weight, gave 31 per cent plasma 
bicarbonate. No. 3, on the thirteenth day of the experiment, two days 
after the injections had been stopped, showed a loss in body weight of 
34 per cent and a plasma bicarbonate of only 23.54 per cent. In no 5 


the acidosis was so far advanced on the fourteenth day of the experi- 
ment, i.e., three days after the final carmine injection, that the plasma 
bicarbonate amounted to only 15.73 per cent. At this time the animal 
had lost 37 per cent of its body weight. 
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Since the intraperitoneal administration of 0.19 ce. of 5 per cent 
lithium carmine per 100 grams body weight for six days gave incom- 
plete vital staining, the dose was increased to 0.358 ce. per 100 grams, 
and continued for five days more. This yielded a satisfactory stain 
but left the animal moribund in extreme acidosis and loss of body 
weight. 

3. Vital staining of animals previously made acidotic. In order to call 
forth acidosis, I injected a slightly acid or a slightly alkaline solution 
into the ear vein or into the peritoneal cavity of a rabbit or a mouse. 
It was possible then to vitally stain the animal to a very high degree 
with a single injection of the carmine solution. 

a. Vital staining of rabbits after preinjection of alkali or acid. To this 
series of experiments, 8 rabbits were used, classifying them into 3 
groups; to the first group a tenth or thirtieth normal solution of hydro- 
chloriec acid was administered into the ear veins, to the second a tenth 
or thirtieth normal solution of sodium bicarbonate, and the third 
remained without any preinjection. 

As the blood was very liable to coagulate in the presence of acid, I 
could not easily inject a sufficient amount of the tenth normal solution. 
A concentration of a thirtieth normal solution was relatively easily 
administered. It was the same in the case of alkali. After these pre- 
injections 5 per cent lithium carmine was administered intravenously in 
intervals of from 30 minutes to 24 hours. The animals thus stained 
vitally were killed by means of bleeding from carotid at various times 
after the final injection. At autopsy nearly all the glandular organs 
were carmine red, but the adrenal was almost always yellowish. In 
bladder the urine was very interesting: In the urine of No. 7, which 


N 
was killed about 2 hours after the preinjection of 45 ce. To HCl and 


an hour after the intravenous administration of 8 cc. lithium carmine, 
carmine granula and bladder epithelia with carmine red nuclei were 
found abundantly under the microscope. The urine was slightly turbid, 
slightly acid and of carmine red color. The urine of no. 8, which was 
killed also about 2 hours after the preinjection of 54 ce. = NaHCO, 
and an hour after the intravenous administration of 9 ce. lithium car- 
mine, was also carmine red, turbid and of alkaline reaction, and con- 
tained no carmine granula nor cells with stained nuclei. The urine 
of no. 4 which was killed about 24 hours after the final preinjection of 
alkali and carmine administration, was carmine red, turbid and slightly 
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acid. The urine of no. 6, which died with cramps immediately 


the carmine injection to the amount of 8 cc. and 30 minutes after 
third preinjection of a thirtieth normal solution of hydrochloric 
amounting to 40 cc., was slightly turbid, slightly red and of amphoter 
reaction. The urines of those which were killed about 40 hours 
the second preinjection of alkali or acid and about 20 hours af 
carmine injection, gave, in general, a reaction the opposite of tha 
the preinjected solution. The urines of those which were not 
injected with acid or alkali before the carmine staining, remain 
slightly alkaline or amphoteric. Generally speaking, in a short 
after preinjection of acid or alkali, the urine is of nearly normal react 
but 24 to 40 hours after the preinjection its reaction becomes quit 
the opposite of the preinjected solution in spite of the alkaline react 
of the carmine which was always administered afterwards. 


rABLE 5 


Distribution of carmine in body organs of the preinjec 


Distribution of carmine in: 
Liver 
Kidney 
Spleen 
Brain 
Heart 


This fact is very interesting in connection with explanation of car- 
mine-acidosis, because the repeated injections of alkaline carmine 
solution may of itself cause an acidosis in the experimental animals 

At autopsy there were no special changes aside from the carmine 
staining of the internal organs. But on histological examination of 
the tissues I found nearly always cloudy swelling, coagulation, vascu- 
larization and fatty degeneration of different degree in the liver, kid- 
ney, spleen, and some other organs, without any conspicuous differ- 
ence under the three groups. 

With regard to the distribution of carmine granula in various organs 
also, as shown in table 5, I cannot find any special difference under the 
three groups. In the kidney of no. 6 which died immediately after thy 
carmine injection, no carmine granula were found, but in that of no. 7 
and 8 which were killed in 1 or 1.5 hours after the vital staining, tl 
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VITAL STAINING AND ACIDOSIS 


staining was conspicuous; abundant in bases of epithelia of the tul 
contorti of no. 8 and in traces in lumina of urine-tubules of no. 7. 

b. Vital staining of mice after preinjection of acid or alkali. Sin 
rabbits require a large amount of carmine I resorted to the use of mi 
in order to spare the stains. Their weight was 10 to 15 grams. ‘Thi 
preinjections were carried out to the amount of 0.5 cc. for the most 
part into the peritoneal cavity, and the stain was generally injected 
into the tail vein to the amount of 0.1 or 0.2 cc.; the intravenous : 
ministration of 0.3 ec. of the stain often killed the animals at once, 
the intraperitoneal injection of 0.5 ce. was not so harmful. 

In from 20 minutes to hours after the vital staining the mice were 
killed by decapitation, and immediately smear preparations on cover- 
glasses were made from blood and liver on the one hand, and on the 
other hand pieces of mesentery were stretched out between two cover- 
glasses. These preparations were stained with hematoxylin only o1 
combining eosin thereto, after their fixation in ether and alcohol. Also 
specimens of liver and kidney of most of the mice were imbedded in 
paraffin, cut and stained with hematoxylin and hematoxylin and eosin. 

Microscopically I found no special difference between the two series, 
i.e., the animals treated with alkali and acid. Cloudy swelli2g, coagu- 
lation, pyenosis of the nucleus, karyorhexis or karyolysis were found in 
nearly all preparations. But as shown in table 6, the animals treated 
with alkali (nos. 29, 30, 31). took the stains conspicuously as compared 
with those treated throughout in the same manner except for the pre- 
injection of acid (nos. 32, 33), in which only a trace of the stain was 
found. In the other animals even the carmine distribution did not 
differ. Those which were vitally stained by intravenous injection of 
less than 2 ce. carmine within 30 minutes of the preinjection nearly 
always gave negative results. Those which were vitally stained by 
intraperitoneal injection of 0.5 ec. carmine an hour and a half after the 
preinjection, on the other hand, gave positive results. 


DISCUSSION 


From a perusal of the above facts it may be readily seen that vital 
staining with lithium carmine produces an acidosis, and that if acidosis 
be established as a preliminary to the injection of lithium carmine, the 
staining is much more conspicuous than in animals not so treated. 

The relationship between acidosis and vital staining is difficult to 
explain. The current conception of cloudy swelling (5) is helpful. In 


vitally stained tissue the association of the carmine granula and cell 


edema (cloudy swelling) is generally recognized. If the edema is 
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developed by a rise of intracellular osmotic pressure due to an abnormal 
splitting of the cellular proteins in the absence of an adequate oxygen 
supply the carmine solution may be carried in with the production of 
edema. It is conceivable then that the carmine granula are precipi- 
tated in the acid medium, thus completing the histological picture. 
This will explain the fact that carmine granula are found only in cells 
with easily permeable walls and which are exposed to a slow blood 
stream, e.g., the reticulo-endothelial cells or histiocytes, while these 
granula are never found in those cells which are constantly exposed to 
alkaline body fluids or are bathed in a rapid blood stream where water 
and carmine diffuse in hardly more rapidly than the erystalloids diffuse 
out, e.g., the cells of the brain, bile ducts and greater blood vessels. 
We may account, similarly, for the ease in staining surviving cells as 
opposed to living cells. If coagulation developed as the result of in- 
creased hydrogen-ion concentration before the stain could enter, there 
would be no deposition of carmine granula. Further, even after the 
cell walls lose their semipermeable character, the nuclei, possessing : 
relatively high hydrogen-ion concentration and still permeable to the 
dye, will take the stain, which has already entered the cell, and make 


the nuclear figures distinct. 
SUMMARY 


Vital staining can not be accomplished by a single intravenous or 
intraperitoneal injection of lithium carmine in subtoxie doses in a 
healthy animal. If, however, an acidosis be first established, a single 
injection of the dye will give a satisfactory stain. 

In animals which have been vitally stained, an actual decrease in 
plasma bicarbonate occurs. 

Hence the conclusion is drawn that it is incorrect to predicate the 
existence of specific stain-taking substances or granula in the cells. 
Rather, vital staining with lithium carmine is due to the development 
of an acidosis which so alters the function of the body cells that the dye 
diffusing in is deposited in granula. This deposition corresponds to the 
precipitation from colloidal solution of the dye when the normally 


alkaline solution is made acid in vitro. 
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In our earlier shock studies the hemodynamic findings all pointed 
directly to a decreased effective blood volume as the only constant 
factor tending toward failure of the circulation. Attention has also 
beeii called by numerous other observers to the significance of the 
reduction in both the effective and absolute volumes in this condition (1) 

The present experiments were designed to determine the role that 
the absolute volume of the blood plays in the reduction of the effective 
volume in shock, and to evaluate the possible modes by which such 
a reduction might be brought about. Three possibilities suggest them- 
selves as to ways the blood volume may be reduced: 1, hemorrhage, 
external or into tissues; 2, concentration of the blood, i.e., by filtration 
of the plasma; and 3, stasis in a portion of the vascular bed. 

Four forms of experimental shock were studied, namely, those pro- 


duced by injections of massive doses of adrenalin; by clamping the 


vena cava above the liver for a period of three hours so that the general 
arterial pressure was 30 to 40 mm. of mercury; by clamping the ab- 
dominal aorta above the coeliac axis for a period of three hours so that 
the distal pressure was 30 mm. of mercury and by exposure and manipu- 
lation of the intestines. Dogs were used in all experiments. 

External hemorrhage was absolutely excluded except for the small 
amounts of blood necessary for the samples. The blood pressure was 
determined by a small bore manometer connected directly to the artery. 
It was seldom necessary to ‘“‘wash out’’ during the course of an experi- 
ment, so that the loss of very few cubic centimeters of blood was 
involved. 

Samples were taken directly from a large artery through a clean 
dry cannula. The red blood cells were counted as an index to the 

31 


32 . 5S. GASSER, J. ERLANGER AND W. J. MEEK 


relative plasma loss and the results obtained, therefore, indicate the 
minimum loss of blood-through filtration of plasma as any local reten- 
tion of the erythrocytes would decrease the count. In the later experi- 
ments the hemoglobin changes were determined by means of the 
Dubosque colorimeter, the blood being diluted 1/100 with 0.03 per 
cent HCl, and the normal hemoglobin dilution being considered as 
100 per cent. 

In case blood is withdrawn from circulation either by hemorrhage 
into tissue or stasis in a portion of the capillary bed, such a reduction 
could be appreciated only by a direct determination of the blood volume. 
Accordingly such determinations were made by the method of Meek and 
Gasser (2). Determinations may be made by this method to an accu- 
racy within 5 per cent. Four cubic centimeters per kilo of 20 per cent 
acacia were injected intravenously, and ten minutes after the injection 
a sample of blood was taken for the distillations. All determinations 
were done in duplicate. If stasis occurs it might be of a degree varying 
from a local retardation of the stream to an absolute removal from 
active circulation. As ten minutes were allowed between injecting 
and sampling, the acacia would be diluted by all the blood that passes 
through the general circulation in a period of ten minutes. 

In this series the final shock determinations were made after the 
mean arterial pressure had fallen to 50 mm. mercury. This was the 
conventional level chosen as a criterion early in our experience with 
shock before we came to appreciate that the attributes of shock usually 


develop long before this level is reached. 


ADRENALIN SHOCK 


The first studies were made on adrenalin shock. The normal vol- 
umes were determined and then the volumes in shock (table 1). Every 
case showed a reduction in blood volume; in two cases this reduction 
amounted to one-third of the total blood, in another case the blood 
volume was reduced by half. The blood counts on the other hand 
indicated a relatively small concentration, a finding that occasioned 
some surprise in view of the large concentrations obtained by Lamson 
(3) and by Bainbridge and Trevan (4). This discrepancy in results 
was traced directly to the acacia injected for the determination of the 
normal blood volume. One experiment was, therefore, performed in 
confirmation of the above authors. Four injections of adrenalin were 


made as indicated in figure la; with each of the first three there occurred 
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concentrations of the blood amounting to 29, 32 and 45 per cent of 
the normal respectively. In the intervals of lower blood pressure be- 
tween the first three injections the red cell count returned to a con- 
dition in the neighborhood of normal. Each succeeding injection 
produced a concentration greater than the preceding although the 
adrenalin was given in smaller doses. Each injection must therefore 
have left a residuum of damage which became such after the third 
injection that the plasma did not return to the vessels as before. It 


ADR. 


TATA’ 


N 


" 3 4 


Fig. 1. (a) Lower: without acacia; (6) Upper: after the injection of 4 ce. per 
kilo of 20 per cent acacia. Light line: blood pressure in mm. Hg., indicated on 
the axis of ordinates. Heavy line: R. B. C. count in millions, indicated on the 
axis of ordinates. Axis of abscissas: time of day. Adrenalin injected at times 
indicated. Figures give numbers of cubic centimeters of 1/1000 injected. 


is probable that only in this latter condition was the damage to the 
tissues sufficient to be spoken of as true shock. 

A similar experiment was now performed in which 4 ec. per kilo of 
20 per cent acacia were administered before adrenalin in comparable 
amounts was injected. The results (fig. 1b) show that the acacia not 
only has a marked effect on the final concentration attained but that 
it has an even more striking effect on the ebb and flow of plasma which 
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result from the pressure changes, the concentrations being in this case 
4, 8 and 11 per cent of the normal for the successive injections. 

In experiment III of the acacia series a decrease in volume of 53 per 
cent by transudation alone would mean the loss of practically all the 
plasma. Obviously some other factors are involved in so large a 


depletion of the blood volume and of these, absolute stasis in some 
part of the vascular bed must be the most important. While the red 
cell count does not indicate any loss of plasma at all, this absence may 
be only apparent as the red cell count determines the minimum of 
concentration and the determination is misleading in proportion to 
the number of corpuscles that are jammed in the capillaries. In ex- 
periment IV, which was very satisfactory, a large difference between 
the absolute loss and the loss by concentration again occurs. That 
the difference is not merely apparent but may be due mainly to stasis, 
may be inferred after comparison with experiment VII in which, with 
a very small decrease in blood volume, such a degree of shock developed 
that the pressure was 22 mm. of mercury. Here undoubtedly the 
defective circulation must be attributed to stasis, which however falls 
short of being absolute. 

In all but two of the experiments included in the table the adrenalin 
was injected into one of the small mesenteric veins. For this purpose 
care was taken to expose only one small loop of intestine. In these 
experiments curious localized constrictions of all branches of the mesen- 
teric veins appeared which were permanent in position and gave the 
vein a sausage-like appearance. This phenomenon is probably one 
of the factors accounting for the loss of blood to the circulation by 
stasis. 

SHOCK FROM CLAMPING THE AORTA 


It was evident from the experience with adrenalin that in the other 
experimental procedures for producing shock the volume changes 
should be determined both without and with a previous injection 
of acacia. When no acacia had been injected clamping the aorta 
for three hours (table 2) produced a quite constant amount of con- 
centration. As indicated by the red blood cell count the loss of 
plasma amounted to an average of 37.0 per cent of its original volume. 
On the contrary when acacia had been previously injected the plasma 
losses ‘were 0 per cent and 8.8 per cent in two cases. Exactly similar 
results were obtained in the experiments in which the hemoglobin 
content was used as an index of the concentration (table 2 B., expers. 
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IV and V). Here again, as in shock produced by injection of adrenalin, 
the large differences between the actual decrease in volume and the 
apparent decrease due to loss of plasma, amounting respectively in 
two experiments to 40.8 per cent and 20.7 per cent, point to absolute 
stasis as the principal factor in decreasing the effective volume in these 
animals which had received acacia. In figure 2 are plotted the red 
cell counts obtained in two experiments performed for the purpose of 
comparing transudation under as similar conditions as possible except 
for the preliminary acacia injection in the one case. The concentration 
in the case without acacia was more than four times that in the control. 


4:00 12:00 160 
Fig. 2. R. B. C. count in shock produced by partial occlusion of the aorta. 
In the experiment indicated by the lower line 4 ce. per kilo of 20 per cent acacia 
were injected at the point designated. 


SHOCK FROM MANIPULATION OF THE INTESTINES 
In both of the two control cases (table 3), exposure of the intestines 
produced large concentrations of the blood. In these experiments the 
transudation of plasma could be observed directly on the peritoneal 
surface of the intestines. Beads of plasma would appear, grow larger, 
coalesce and start to run from the surface. In one experiment in 
which the drippings were collected, about 150 ec. were obtained. At 
the period of maximum transudation fluid was lost at the rate of 1 ee. 
per minute. This same phenomenon to a less degree can be seen also 
where shock is produced by other methods. If the abdomen is care- 
fully opened droplets of serum are often seen on the peritoneal surfaces, 
especially of the liver and spleen. 
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In this form of shock the difference between the experiments with 
and without acacia is not so marked. This may be due in the greater 
part to the fact that the damage produced can not be well controlled. 
The rapidity of the onset of shock in strong healthy animals varies 
with the severity of the manipulation. In one dog in the acacia series 
the concentration was maximal, in the other two the concentration 
amounted to less than one-half of that occurring in the controls. If 
we assume that the intestinal conditions are about the same in animals 
in which approximately the same time elapses between the exposure 


2 1 2 3 4 5 6 
Fig. 3. Blood pressure and R. B. C. count in shock from manipulation of the 
intestines. Upper: without acacia. Lower: after the injection of 4 ce. per kilo 
of 20 per cent acacia. 
of the intestines and the intervention of shock, then comparison of 
two such cases (fig. 3) shows that there is a considerably longer interval 
before the plasma loss becomes appreciable if acacia has been injected 
previous to the intestinal manipulation. 


SHOCK FROM CLAMPING THE VENA CAVA 


Four cases are included in this series (table 4). In all a concentration 
of the blood took place, the degree being somewhat greater in the two 


animals unprotected by acacia. 
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In the second experiment in series A, the concentration of the blood 
was progressive until the clamp was removed. After this the red cell 
count decreased. At the end of the experiment the blood volume as 
determined directly was 23.7 per cent less than normal. If the circu- 
lation had been recovering as the cell count might indicate the pressure 
would not have progressively fallen and the final volume would not 
have been so low. A more probable explanation is that some of the 
corpuscles were jammed in the capillaries and therefore caused a de- 
crease in the count, a view which is supported by the hemorrhagic 


condition of the organs at autopsy. In another series of nine animals 


in which the cava was clamped for 2 to 24 hours so that the general 
blood pressure was 40 mm. of mercury, the concentrations at the end 
of clamping as indicated by hemoglobin determinations averaged 117.6 
per cent of the normal, the individual variations ranging from 110.4 
to 131.8 per cent. 


DISCUSSION 


In every case studied shock was associated with a concentration of 
the blood and loss of volume. This was not a phenomenon of severe 
shock alone, but started soon after the procedure was begun, the pur- 
pose of which was the production of shock. The concentrations did 
not always vary parallel to the loss in absolute volume. 

In the slightly larger portion of the total number of experiments 
the total loss of volume can in the main be explained by the amount 
of plasma loss. Examination of the tables shows that in a few cases 
the shock volumes as determined directly are not quite small enough 
to coincide with the volume calculated from the red cell count. These 
differences are without significance as they are obviously errors in 
procedure and technique and the reasons for their occurrence must 
vary with the individual cases. The following possibilities may be 
mentioned: 1, In one case the direct determination was made one- 
half hour after the red cell count, in an animal that was recovering. 
2, When the volume of the blood in shock is determined without a 
previous determination of the normal volume, the percentage decrease 
is calculated on the assumption that the normal volume was 9.7 per 
cent of the body weight, although in some cases it might have been 
actually higher than the average for normal dogs. 3, It is probable 
that if we had followed the hemoglobin content instead of the cell 
count, many of the differences would have disappeared as it has been 
our experience that the variations in volume calculated from the 
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erythrocyte count were almost uniformly greater than those calculated 
from simultaneous hemoglobin determinations. Scott, Herrmann and 
Snell (5) had a similar experience in their studies of the concentration 
of the blood after muscular exercise. These authors give a discussion 
of this point with a citation of the literature. 

In the other group, cases can be found in which the total loss of blood 
as determined by the acacia method is much greater than that indi- 
cated by the red cell count. The greatest variations between the total 
loss as actually determined and that deduced from the concentration 
were seen in the adrenalin cases in which the injections were made 
into a mesenteric vein. In this condition the venous constrictions 
mentioned above appear as a special factor. In three cases where the 
total losses were 53, 32 and 33 per cent of the total blood respectively, 
the losses by plasma filtration were 0, 6 and 13 per cent. There can 
be no doubt that this special condition can only be incidental and does 
not even account for the differences found in this particular type of 
shock. As has been already mentioned, in two cases after clamping 
the aorta there were differences of 40 per cent and 20 per cent of the 
blood volume between the total loss and the loss by transudation 
Similar cases also occur in shock from clamping the cava or manipu- 
lating the intestine, although the differences seen are not so great 

Before discussing the manner in which this blood is lost, it is necessary 
to review the post-mortem findings. In over one hundred animals 
examined it was found that no matter how the shock was produced 
the same general picture obtained. The most constant finding is an 
injection of the intestinal mucosa. In the milder cases the injection 
is confined to the duodenum; in more severe cases it extends along the 
whole of the small intestine giving it the appearance of deep red velvet. 
In the lower ileum the injection often again disappears although in 
severe cases it extends up to the ileo-cecal valve. In 60 per cent of 
the cases blood was found in the intestinal lumen; this was at times 
due to isolated punctate hemorrhages, more often a general sloughing 
of the tips of the villi took place. Microscopic sections show that 
except at injured tips of the villi the corpuscles are almost entirely 
within the vessels. The capillaries and small veins are greatly dilated 
and tightly packed with red blood cells. It is interesting to note that 


in animals that recover from this condition the injection has disappeared. 
How much this is due to sloughing and how much to clearing out of the 


capillaries we are unable to say. The spleen is usually swollen and hes 
dark raised areas which consist of hemorrhages into the pulp. ‘This 
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swelling and hemorrhage in some cases produces a spleen many times 
the normal size. The liver is occasionally found to be hemorrhagic 
on section. 

Where the loss of blood volume as directly determined is much greater 
than that determined by the red cell count, the difference can be at- 
tributed mainly to stasis. The red cell count is an index only to loss 
of plasma, as a result of which concentration of corpuscles takes place. 
As long as no other factor enters, the blood volume can be properly 
interpreted in this way. But as soon as the corpuscles reach a certain 
concentration, 60 per cent according to Trevan (6), they become con- 
tiguous, the internal friction rises rapidly and they have a tendency to 
jam especially when the arterial pressure is decreased as it is in these 
experiments. Insofar as the corpuscles are blocking the capillaries 
they are not included in the determinations of the red cells or of the 
hemoglobin content, and the latter fail as indices of blood out of circu- 
lation by the volume of the corpuscles and the volume of the plasma 
that would normally accompany them. In addition to corpuscular 
sedimentation the difference may be attributable to sequestration of 
both corpuscles and plasma and to blood lost into the intestinal lumen 
and to a much less extent to hemorrhages into the spleen pulp. 

In the group in which the total blood loss is to be accounted for by 
transudation, the congestion of the capillaries and the small veins is 
again seen post mortem; in these dilated and congested areas the blood 
must therefore be moving, however slowly. 

The blood volumes found in severe shock are often remarkably high. 
Typical shock was found to occur in animals whose absolute volumes 
were decreased by only 7 to 17 per cent of the normal. For this there 
‘an be only one interpretation and that is an enlargement of the vas- 
cular bed and, therefore, a greatly reduced effective volume. Mann (7) 
in his experiments found that in shock from exposure of the intestines 
a portion of the blood becomes immoblized. On the assumption that 
the blood volume is 7.7 per cent of the body weight, he found that 
when all the blood that could be obtained was drawn from the femoral 
artery and heart, 24 per cent of the blood remained in the tissues of 
the normal dog while under similar conditions 61 per cent of the blood 
remained in the tissues of the dog in shock. We have often observed 


a similar phenomenon. From a dog in shock weighing 16 kilos, which 
would normally contain about 1400 cc. of blood, only 100 ce. could 
be obtained although artificial respiration and massage of the heart 
were resorted to. The decreased amount obtainable by bleeding is 
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in part due to the decreased volume, but analysis of Mann’s d 
shows clearly that after allowance for the decreased volume of 
blood in shock the actual amount of blood left in the body is m 
than in the normal dog. These findings are in line with the observa- 
tions that have been reported by surgeons that fatal consequences 
may supervene on the losses of apparently trivial amounts of blood 
The experimental animals maintain their pressure in the face of de- 
creasing blood volume to what may be called a breaking point beyond 
which the pressure rapidly fails and death soon results. 

In spite of the fact that the amount of blood which may be obtained 
by bleeding is so small (i.e., that so little of it can be moved from the 
stagnant area by the remaining vis a tergo after hemorrhage is started), 
it is still possible for the shocked animal to gradually move the mass 
of blood in the stagnant area so that an injected substance, as acacia, 
is gradually mixed with the total circulating blood. The figures for 
the blood volumes represent all the blood that passes through the 
heart in a period of ten minutes, and as indicated in the preceding 
paragraph, may amount to a total not far below normal. While the 
evidence indicates that the deficiency of the circulation is mainly due 
to sluggishness of the flow in some parts of the vascular bed, the work 
of Gesell (8) shows that a decrease of 7 to 17 per cent of the blood 
volume is itself of significance. He found that a loss of blood by hemor- 
rhage of less than 10 per cent may elicit through constriction of central 
origin a decrease of flow through the submaxillary gland of more than 
60 per cent. 

After simple hemorrhage the volume would rapidly be made up 
from the tissues and the flow restored. In these experiments, on the 
other hand, the volume-compensating mechanism is becoming ex- 
hausted and the decrease in volume, though small, is sustained. If 
the constriction would be sustained, then the reduction in flow might 
“ause damage to the parts of the body compensating the areas primar- 
ily injured. Robertson and Bock (9) have found that after a large 
hemorrhage in wounded soldiers the blood volume even when aided 


by transfusion may not return to normal for 2} days. The organism 
is, therefore, able to maintain its existence after large losses of blood 
without complete restoration of the volume for several days. 

The locus in which the plasma is stagnant is certainly not the arteri- 
oles or portions of the vascular bed proximal to them. In the direct 
determinations of peripheral resistance to the inflow of salt solution 
(10) under a constant high pressure, it was found that while the periph: 


¥ 
| 


16 H. 8S. GASSER, J. ERLANGER AND W. J. MEEK 


eral tone was decreased when the pressure falls below 50 mm. Hg, 
in the periods preceding this low level the resistance may be but very 
little decreased, normal or even above normal. The condition of the 
large veins in the abdominal cavity can be easily noted by direct obser- 
vation. Workers with experimental shock are agreed that in this 
condition the veins are collapsed and not engorged. There is left, 
then, only the capillaries and small veins. The full dilated capillaries 
and venules seen in the microscopic sections from the organs in shock 
prove their involvement beyond peradventure. It is interesting to 
note that Mall and Welch found that in the dog’s mesentery after 
occlusion of the superior mesenteric artery the smaller veins become 
distended with corpuscles even before the capillaries. An opening up 
of normally unused capillaries such as occurs in inflammation may also 
well be a factor in enlargement of the capillary bed, as has been suggested 
by Cannon (11). 

If one reviews the whole series of shock experiments and compares 
the concentrations obtained where shock was induced with and without 
an early injection of acacia, he finds that the average reduction of the 
blood volume by plasma loss was 6.8 per cent in the former case as 
compared with 20.3 per cent in the latter. It might be expected from 
such data that the animals that receive acacia would be more difficult 
to put into shock than their controls. There was, however, nothing 
observed in this series to contribute to this view. While on theoretical 
grounds it is to be expected that any benign method of interfering with 
transudation would be invaluable in the maintenance of normal blood 
volume, it should be fully appreciated that transudation is only one 
of the attendant circumstances in the development of the shock picture 
asa whole. That the transudation may be greater than indicated by 
the cell counts and may, therefore, alter the quantitative difference 
between the two series somewhat, should not be overweighted as the 


same phenomenon occurs in both series. 


To explain the conserving action of the acacia on the plasma volume 
a consideration is necessary of the factors that might determine its 
loss. The loss of plasma might be due to a decreased colloidal content, 
to an increase of capillary pressure or to a change in permeability in 
the vascular endothelium. 

The protein content of the plasma was studied in shock from clamp- 
ing tlfe aorta by determining its specific gravity with the pyenometer 
and its power of refraction with the Pulfrich refractometer. The latter 
method is theoretically more accurate as the salts have a relatively 
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greater specific gravity than protein but a smaller refractive index. 
The findings obtained with one instrument in the main confirm those 


obtained with the other. They show the same sequence of events in 


ach case (table 5). There is in two experiments a slight increase of 
the protein content up to the time that the clamp is removed; in the 
other two experiments the increase is absent. Water evidently filters 
more rapidly than protein at first but after unclamping when the pres- 
sure is raised in the splanchnic region this is no longer true, the increased 


rABLE 5 


PER CENT O} 


HEMOGLOBIN SPECIFI 
EXPERI- |BLOOD PRES- 
PER CENT OF GRAVITY OF SERUM 
MENT SURES 


NORMAI SERUM REFRACTOM 
ETER 


100 0256 5.902 Normal 
112 0261 5.967 After 3 hours clamping 
113.3 .0252 5.55: Final 


100 0275 O49 Normal 
111 0277 049 After 3 hours clamping 
111 0272 ). 768 Final 


100 970 Normal 

114 4116 After 3 hours clamping 
455 121.6 ».719 After second clamping 
13 ».465 Final 


100 100 675 Normal 
7 102 675 After 3 hours clamping 
30 101.6 653 Final 


* This animal received 4 ce kilo of 20 per cent sodium acacia before the 
aorta was clamped. 


permeability allows filtration of more protein and this increase is fol- 
lowed by a change in the opposite direction so that the protein content 
is finally 4 to 7 per cent less than at the start. It therefore follows 
that the plasma is lost mainly as a whole (see also Dale and Laidlaw 
(12) ), and that a change in the colloid content of the plasma is not an 
important factor in the filtration as the latter process occurs during 
the period in which the colloid content is increasing as well as in the 
later period when the plasma is again diluting. 

The explanation of the dilution in the final period probably lies in 
the fact that the organism is attempting to compensate the decreased 
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volume. The decrease in the protein content of the plasma would 
accord with the assumption that the passage of fluid from tissue to 
blood is by osmosis and therefore consists mainly of water and salts 
(13). As the loss of plasma is progressive all parts of the vascular bed 
are not similarly affected; in some portions the normal reaction to 
decreased volume is possible synchronously with a condition allowing 
continuous filtration in other portions. The compensation of the loss 
of fluid by normal tissues was first noted by Cobbett and Roy (14). 
Our data give the additional information that some areas are still 
compensating even when the blood is concentrating, though with 
insufficient rapidity to keep pace with the filtration. 

The filtration of the plasma as a whole precludes the possibility 
that one finds suggested in the shock literature that the plasma is 
depleted by an increased affinity of the tissues for water. 

In many cases a rise of capillary pressure must be a factor. After 
adrenalin the observed (15) rise of portal pressure must determine a 
rise in the mean capillary pressure of the intestinal area. When the 
cava is clamped there is a slight rise of portal pressure while the venous 
pressure in the liver which is normally very low must be relatively 
greatly increased. When the aorta is clamped it is difficult to see 
where in the splanchnic area the capillary pressure can be increased 
unless it be in capillaries plugged at their distal ends. Aside from this 
possibility transudation in this condition must be due to a change in 
vascular permeability. This latter condition is seen most clearly when 
the intestines are manipulated. Here, to be sure, alterations in pres- 
sure may also occur from various mechanical possibilities but the im- 
portant changes are those which also occur in the inammatory proc- 
ess, the analogy to which has been noted by a number of observers. 

Regardless of the cause of shock, it would be expected that the ex- 
pansion of the blood volume, which would result from the effort of 
the organism to compensate the increase of colloidal osmotic pressure 
of the blood produced by the injected acacia, would aid in maintaining 
the volume. To test the degree to which this might take place, data 
on the osmotic pressures developed by acacia and blood serum are 
necessary. 

Osmotic pressures of acacia and blood serum. As Bayliss has correctly 
pointed out the determinations should be made against Ringer’s so- 
lution. The two variables, acidity and CO, content of the solution, 
must be controlled. A difficulty also arises in the fact that acacia is 
altered by the presence of dilute sodium bicarbonate solutions. Natu- 
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ral acacia is combined mainly with calcium. Of the other constituents 
magnesium, another divalent cation, predominates. When acacia is 
added to a dilute sodium bicarbonate solution, some of the divalent 
cations are replaced by sodium, as is shown by the development of a 
precipitate. This takes place slowly if made up in the cold, more 
rapidly if warmed. We have found that sodium acacia develops twice 
the osmotic pressure that natural acacia does. This is true whether 
determined directly against water or by cryoscopy of concentrated 
aqueous solutions. 

The osmotic pressure will depend on the nature of the cations with 
which it is combined when it comes to equilibrium in the blood. While 
we have not determined the quantitative effect of all the variables, 
we believe that we obtained a fair approximation of the natural con- 
ditions by dialyzing the acacia against Locke’s solution without glucose 
but containing enough sodium bicarbonate so that when in equilibrium 
with a partial pressure of 40 mm. of CO, the reaction was about P, 
7.4. The acacia was made up to a 7 per cent strength in the above 
solution at room temperature. It was dialyzed in a Moore and Roaf 
osmometer (celloidin membrane) against the buffer mixture, arrange- 
ment being made for a continuous change of fluid in the lower chamber. 
Under these conditions the osmotic pressure of the 7 per cent solution 
was found to be 22 mm. of mercury. 

Sodium acacia similarly prepared developed a pressure of 28.7 mm. 
of mercury. 

These figures are evidently lower than those obtained by Bayliss 
(16). The difference is probably to be attributed to the differences 
in the other substances existing in the solution. A wide range of 
pressures may be obtained according toe the conditions of solution; for 
example, 6 per cent sodium acacia developed a pressure of 274 mm. 
of mercury in two days against CO,-free distilled water; the water in 
the lower chamber was then changed to water saturated with CO, 
at atmospheric pressure and the osmotic pressure of the acacia fell 
to 83 mm. by the end of two weeks. 

The osmotic pressures obtained with fresh dog serum dialyzed against 
the buffer mixture were also found to be lower than those usually re- 
ported, being 16.4 mm. of mercury as compared with 25 to 30 mm. 
for serum dialyzed against its ultrafiltrate (13), 27 mm. for pig serum 
against 0.9 per cent saline (17), and 36 to 40 for ox serum against 
Ringer’s solution (16). 
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Theoretical considerations as to the effect of the injected acacia on the 
osmotic properties of the plasma. On the basis that the osmotic pres- 
sure of 7 per cent acacia is 22 mm. of mercury and of the protein of 
the blood serum 16.4 mm., 4 ce. of 20 per cent acacia would have to 
expand to RR —— or 15.3 ec. to become isotonic to the serum 
colloids. This would mean a 16.6 per cent expansion of the blood 
volume (normal = 92 cc. per kilo). When 4 cc. of 20 per cent acacia 
were added to 54 cc. of serum and dialyzed against the same serum, 
the mixture developed a pressure of 3 mm. of mercury, being, therefore, 
18.3 per cent hypertonic, and in experimental agreement with the 
calculation made from the osmotic pressures of serum and acacia 
determined separately. 

The normal volumes and red cell counts were determined ten minutes 
after the acacia was injected. At this time the expansion of the blood 
is never more than 2 to 3 per cent above the calculated simple dilution 
by the voiume injected. If we subtract this 6.4 per cent (4.4 per cent 
expansion by the volume injected + 2 per cent expansion due to dilu- 
tion) from the 16.6 per cent increase in volume theoretically possible 
after the injection, there remains a further possible expansion of 10.2 
per cent of the blood volume. The water which theoretically might 
be attracted by the acacia might be expected to account in part for 
the differences in plasma volumes in shock induced with and without 
aprevious injection of acacia, but there is no evidence that the filtration 
is masked by a progressive dilution of the injected acacia. In the 
normal dog after the injection of 4 cc. per kilo of 20 per cent acacia, 
the expansion of the blood is always less after one hour than it is after 
ten minutes, not more. The maximum actual expansion never reaches 
anything like the theoretical. This: point is of considerable interest 
as it minimizes the importance of what would seem to be one of the 
most obvious explanations of the protective action of acacia, namely, 
its increase in volume by the attraction of water. 

When the procedure whose purpose is the induction of shock is not 
started until one hour after the acacia injection, the conserving action 
of the acacia on the plasma volume is just as apparent. At the end 
of one hour as the blood has not expanded by absorption from the 
tissues and as direct chemical determinations have shown that at this 
time the blood contains about 92 per cent of the amount present at 
the start, the blood colloids must have an osmotic pressure greater 
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than normal (calculated! to be 17 per cent greater). This fact gives 
a clue to its probable action. 

When the capillary filtration pressure is high it is opposed by the 
increased colloidal osmotic pressure as is strikingly seen in the adre- 
nalin experiments.. In conditions of increased permeability, other con- 
ditions being equal, the increase of filtration would again be opposed 
by the increased pressure of the colloids. This would be the case in 
the experiments where shock was produced by clamping the aorta. 
In cases where the injury to the vessels is sufficient acacia is apparently 
without beneficial effect. This is seen in experiment III in the shock 
series from manipulation of the intestines. We have also had a similar 
experience in some experiments with pulmonary edema resulting from 
the inhalation of irritating substances. 

While the expansion of the blood is slight compared with what is 
theoretically possible, the blood plasma is potentially more able to 
take fluid from the tissues should such a demand arise. Evidence has 
been presented that the decreasing volume of the blood resulting from 
trauma is partially compensated by fluid from uninjured tissue. This 
process would be aided by the osmotic pressure of the acacia in the 
plasma and much more fluid would have to be absorbed from the 
tissues before the concentration of the blood colloids would go below 
normal. 

Acacia contains calcium in ionizable form as it may be precipitated by 
oxalates. That calcium is combined with a large organic element and is 
not present as a salt impurity is indicated by the fact that the acacia can 
not be freed of the calcium by dialysis. The possibility that the in- 
hibitory action on permeability might be due to calcium has been 
considered. If the calcium were the sole factor concerned the action 
would not be shared by sodium acacia. The latter, however, is not 
the case as sodium acacia has an undoubted protective action; in fact 
our most recent observations show that when either sodium or calcium 


Calculation. 

55 /59 X 16.4 = 15.28 (osmotic pressure of plasma when diluted with 4 cc. of 
water per kilo; plasma volume assumed to be 60 per cent of 92 cc. of blood per kilo). 

4 cc. of 20 per cent acacia yields a 1.356 per cent solution in 59 cc. of water. 

1.356 /7 X 22 (osmotic pressure of a7 per cent sol.) = 4.26. 

4.26 X 0.92 = 3.92 (osmotic pressure of the acacia in the plasma 1 hour after 
injection). 

15.28 + 3.92 = 19.2 (total osmotic pressure of plasma 1 hour after injection). 

19.2 /16.4 = 117, therefore the osmotic pressure of the plasma would be 17 
per cent greater than normal. 
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acacia is dialyzed against Locke’s solution containing sodium bicarbon- 
ate in equilibrium with alveolar air and with a reaction of P, 7.4 that 
their osmotic pressures approach each other and presumably, therefore, 
when either form of acacia comes to chemical equilibrium with serum, 
the product is the same. Calcium action could arise, therefore, only 
from the salt resulting from the liberated ion. 


SUMMARY 


The blood volume was determined in shock by the method of Meek 
and Gasser and compared with the reduction in blood volume as deter- 
mined by the enumeration of the red blood corpuscles. 

The blood volume was found to be decreased in all forms of experi- 
mental shock studied and after all grades of damage. 

Red cell counts or hemoglobin determinations are of value in indi- 
cating blood volume only when no absolute stasis occurs and when 
no corpuscles are jammed in the capillaries. 

The effective volume of the blood may be reduced in the following 
ways: 

1. By decrease in the volume of the blood as the result of: 

a, Transudation of plasma. 

b, Transudation of plasma and jamming of the corpuscles in the 
capillaries and venules, or the latter combined with 

c, Absolute stasis in some part of the vascular system. 

d, Hemorrhage into tissue, especially into the lumen of the intestines. 

2. By dilatation of the capillaries and small veins with greatly 
decreased slowing of the circulation. This is always attended by some 
loss of plasma, but the latter may be relatively inconsiderable. 

The transudation of plasma is greatly opposed by injection of 4 cc. 
per kilo of 20 per cent acacia before traumatization. The mechanism 
of action is believed to be due mainly to the antagonism to filtration 
by the resulting increase in the osmotic pressure of the plasma colloids. 
A discussion is given of the other possibilities. 
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There are two important theories in explanation of the mechanism 
by which anesthetics produce anesthesia. The one states that they 
produce their effects by diminishing the permeability of cell membranes 
(1). The other theory, that of Verworn and his followers (2), states 
that anesthesia is produced by an inability of cells to use oxygen. 
This inability is ascribed to depression of oxygen “‘activators” or oxygen 
enzymes. Our interest centered about these theories, and was renewed 
by publications in which it was said that the catalases of the blood were 
diminished in anesthesia. Added to this was the statement that this 
discovery forged another link in the chain of reasoning of the Verworn 
school (3). 

Catalases may be defined as substances, if substances they are, which 
break up peroxides into molecular and thus inactive oxygen, and water. 
The function of catalases, according to most views, is to destroy perox- 
ides when their presence would be harmful in the organism. Others 
subscribe to this effect, plus certain specific ones, such as the release 
of oxygen from hemoglobin. Von Furth however, who reviews the 
evidence, sums up by saying that “‘we not only know nothing positive 
about the physiological operation of the catalases, but also that we 
do not even know whether they have any important physiological 
significance at all, and whether they may not perhaps be altogether 
accidental and non-essential” (4). Burge (5), however, who with his 
associates has published numerous articles on this subject, claims great 
power and physiological significance for these catalases. The immedi- 
ate ones which interest us are that they are decreased in anesthesia, 
according to his results, and that, since they are decreased, they are 
at least one of the causes for the decrease of oxidation in anesthesia, 
and hence for anesthesia itself. The interpretations and far-reaching 
conclusions which have been deduced from his results of catalase 
determinations under various conditions have seemed, a priori, too all- 

54 


| ig 


CATALASES OF BLOOD DURING ANESTHESIA 


conclusive. Recently F. C. Becht (6) has so ably and justly criticised 
not only his interpretations, but also his analytic data and methods, 
that it is unnecessary to repeat specific considerations here. Suffice 
it to say that we have met with the same difficulties in technique an«d 
in obtaining consistent results which Becht speaks of. The errors 
encountered in using these methods will be obvious to any one after 
a few trials. Our technique has not been as elaborate as that of Becht, 
but more so than that described by Burge. Blood was collected from 
an arm vein before anesthesia and immediately after operation was 
completed and the anesthetic stopped. Oxalate was used to prevent 
coagulation. The patients were unselected and were operated for the 
usual surgical diseases in the clinic of Dr. John B. Deaver. All deter- 
minations were made within a very short time after the collection of 
blood; 0.5 ce. of blood was added to 100 ce. of distilled water at 37°C. 
plus or minus 2. The vessel containing this was immersed in a water 
bath at 40°, plus or minus 2°. Fifty centimeters of hydrogen peroxide 
were then added through a glass stoppered thistle tube passing into 
the bottle containing the blood and water. The evolved oxygen was 
collected through a second tube in an inverted burette. The apparatus 
containing the blood, water and hydrogen peroxide was shaken in a 
machine at a constant rate of one hundred and seventy-five double 
shakes per minute. The amount of oxygen evolved, first in 10 minutes, 
in later experiments in 5 minutes, was taken, reduced to 0°C. and 760 
mm. pressure, as the measure of the catalases of the blood. The results 
in the table are typical of two hundred determinations, many done in 
duplicate, some in triplicate, and others done as many as four or five 
times. The same sample of hydrogen peroxide was used for the same 
individual before and after anesthesia, and as many constant conditions 
such as temperature, shaking, etc., were introduced as possible. Even 
so, to say nothing of the blood from different individuals, the blood 
from the same individual in duplicate or triplicate determinations 
gave results frequently differing by 50 per cent, and even 100 
per cent, differences as large as in determinations before and after 
anesthesia. Of the whole number in which the most consistent results 
were obtained, 35 per cent showed an increase of catalases and 65 per 
cent showed a decrease. Granting that the analytic data are accurate, 
since the catalases were not universally diminished, they cannot, after 
all, play such an important réle in anesthesia. Since, however, these 
methods of determining catalases are so highly inaccurate and varying, 
conclusions drawn from such observations can have no weight in physio- 
logical deductions. 
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TABLE 1 


Catalases of the blood, before and after anesthesia. Cubic centimeters of oxygen 
evolved 


BEFORE 


316 
417 
92 
372 
S41 
35 


SUMMARY 


Estimations of the catalases of the blood have been made before and 
after anesthesia. They were decreased in 65 per cent of the cases and 
increased in 35 per cent of cases. 

The method for the determination of catalases in been criticised 
and the opinion expressed that they are inaccurate, and that no de- 
ductions can be drawn from them. Our results before and after anes- 


thesia come within the experimental error:(7). 
* The functions of catalases in the body are unknown. 
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INTRODUCTION 


From the earliest times anatomists and physiologists were so im- 
pressed with the “‘peculiar office and functions of the pylorus” that 


Van Helmont conceived it to be the peculiar seat of the soul, an opinion to 
which Willis gave a degree of support. Richerand ascribed to it something like 
intelligence, when he said that it has a peculiar tact which enables it to select 
from the contents of the stomach what is proper to pass through, while it rejects 
the remainder (1). 


The more rational explanations which followed were essentially mechan- 
ical in nature but not entirely satisfactory. More satisfactory was 
the theory proposed by Cannon (2) that the pylorus was under the 
chemical control of the acid chyme. The wealth of conclusive experi- 
mental evidence in support of this theory leads early to its acceptance 
by clinicians and physiologists, so that at the present day its general 
correctness is not doubted. But Cannon (3) himself stated that other 
factors might modify the chemical control, especially under abnormal! 
conditions. To this many observers will readily agree and will quickly 
point out that Cannon’s theory not only fails to explain the emptying 
of the stomach in achylia gastrica but that Cannon never convincingly 
explained the rapid exit of H2O and neutral egg white solution which 
left the stomach before the free acidity of the intragastric contents 
was present to effect an opening of the pylorus or sufficiently concen- 
trated after ejection into the duodenum to effect its closure. More 
recently, Morse (4) reports a diminution in the rapidity of discharge 
of the stomach with an increase in the acidity of the gastric contents 

quite opposed to the findings of Hedblom and Cannon (5)—but ex- 
plains the discrepancy on the basis of difference in experimental method. 
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Spencer, Meyer, Rehfuss and Hawk (6) observed that 1.0 per cent 
sodium bicarbonate hastened the discharge from the normal human 
stomach. On the motor side, Carlson (7) reports an inhibition of 
hunger contractions by introduction into the stomach of both acid 
and alkaline solutions but that the inhibition is greater with a given 
concentration of hydrochlorie acid than with a corresponding solution 
of sodium bicarbonate. The experimental conditions of Cole on hu- 
man beings quite closely approximate those of Cannon, made for the 
most part on the cat. Cole (8) finds that a meal of mixed foods and 
fluids begins to leave the stomach immediately after ingestion, “‘cer- 
tainly before ingestion of a full meal is complete.’’ Cole emphasizes 
here, as in a previous article (9), that the pylorus opens partly at each 
“systole” and that “during the stage of ‘‘diastole’’ when the gastric 
pressure is diminished, the sphincter may be closed to prevent the 
chyme from falling into the stomach.” In short, he correlates the 
opening of the pylorus with the passage of peristaltic waves, and an 
increased tonicity of the stomach. Ortner (10) ascribes the opening 
of the pylorus to an optimum dilution of the gastric contents rather 
than to the presence of free acid in the antrum. Egan (11) corrob- 
orates Cole’s findings that in health as well as disease the first portions 
of the food ingested by the fasting stomach may leave it at once. 

The present short contribution likewise establishes an interdepend- 
ence between the opening of the pyloric sphincter and the tonus 
rhythm of the stomach and emphasizes anew together with observations 
of other authors that certain motor activities of the stomach are 
intimately associated with the relaxation of that sphincter. 


METHODS 


The observations which led to this conclusion were obtained partly 
from fluoroscopic observations of the stomach of man (A. J. C.) fol- 
lowing the ingestion of an emulsion of tragacanth carrying in suspension 
BaSQ,, while recording the motor activities of the stomach by the 
ballon method partly from observations on normal fasting dogs pro- 
vided with a gastric and duodenal fistula. In the animals the duode- 
num was attached to the anterior abdominal wall about 1 to 2 em. 
from the pylorus at the time of making an ordinary gastrostomy. 
Folléwing the uneventful recovery from this double but simple oper- 
ation, a small opening was made into the duodenum. Through the 
gastrostomy we introduced into the dog’s stomach H.O, milk, milk- 


| 

| 

| 


CONTROL OF THE PYLORUS 5Y 


peptone solution, or a 2 per cent cooked starch suspension as such or 
after the addition of an amount of dog’s gastric juice sufficient to show 
presence of free acid with a few drops of congo red solution. The 
balloon was next inserted through the gastric fistula and attached suit- 
ably to the manometer in the usual fashion (12). With the dog lying 
comfortably on its right side in the lap of an assistant we next intro- 
duced through the duodenostomy a piece of rubber tubing with opening 
directed toward the pylorus and with its tip no more than 1 em. from 
that sphincter. Following a short period of temporary inhibition as 
a result of these preparatory manipulations, the dogs evinced a typical 
tonus rhythm. Each drop of fluid issuing from the tube in the upper 
part of the duodenum was registered immediately beneath the manom- 
eter tracing of the gastric activity by means of a signal magnet. 
Very often the drops issued in so rapid a succession that the record 
of the individual drops merged into a broad continuous band. 

In man, the balloon was swallowed just prior to the ingestion of 
about 10 ounces of a drink of aqueous emulsion of tragacanth carrying 
in suspension BaSQ,. The subject was placed on the X-ray table, 
face down, and after attaching the rubber tubing from the balloon to 
the recording manometer, fluoroscopic observations were made on the 
passage of the test drink through the pylorus and into the duodenum. 
As soon as the duodenal cap filled and the dark mass quickly passed 
into the upper portion of the duodenum the fact was recorded by a 
signal magnet writing immediately below the writing point which was 
recording the gastric activities at the time and just prior to the opening 
of the pylorus. 

RESULTS 


The direct fluoroscopic observations in man showed plainly in con- 
firmation of the contention of Cole (8) and others that the fluid contents 
were carried past the sphincter and into the duodenum just as soon 
as we could prepare the patient to record the fact. Peristaltic waves 
would pass over the stomach starting approximately in the middle 
of the body (13) of the stomach and course toward the pylorus. The 
pyloric sphincter would open and the dark mass would be hastily 
passed through the whole course of the duodenum. Figure 1 illustrates 
the record given during the period of such observations. It will be 
noted that the period of opening of the pylorus and the passage of 
fluid contents through the duodenum as recorded by the lowermost 
line is coincident with the record of tonus rhythm of the stomach which 
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by fluoroscopic observation consisted of plain peristalsis whose vigor, 
judging from the depth of the advancing ring of constriction, was 
considerably more powerful than the graphic record would lead one 
to suppose. This is probably due to the fact that the progressive 
increase in intragastric pressure resulting from the advancing peristaltic 
wave tends to be neutralized partly by the opening of the pyloric 
sphincter, partly by the relaxation of that part of the stomach wall 
over which it has just passed. 

This tracing is strikingly similar to one taken by Rogers (14) and 
Hardt from man three hours after a dinner of beef steak, bread, butter, 


Fig. 1. A record of the movements of the stomach of man shortly after the 
ingestion of fluid carrying BaSO, in suspension. Lowermost line is a signal 
magnet tracing indicating the exit of the fluid contents of the stomach into the 
duodenum as determined with the fluoroscope. Middle line marks off ten second 
intervals. 


apples and cream. The authors there refer to this motor activity as 
a “‘tonus rhythm.’’ The experimental conditions (almost empty stom- 
ach) are the same as those here recorded. And since in our case the 
“tonus rhythm’’ was the graphic manifestation of peristalses coursing 


toward the pylorus we have no doubt that peristalses gave rise to their 
tonus fhythm if they had made fluoroscopic examination of the type 
of activity, particularly since the “tonus rhythm”’ is according to them 
gradually replaced as the stomach becomes empty by the typical 
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hunger contractions which are admitted by Rogers and Hardt to 
result essentially from peristalses starting at the cardiac orifice and 
passing “‘toward the pyloric end as a rapid peristaltic wave.”’ 

In short, the tonus contractions of the stomach accompanied by 
visible peristalsis (the ‘‘systole’’ of Cole) (15) effected an opening of 
the pyloric sphincter with egress of the gastric contents into the duo- 
denum. In the dogs we recorded the drops of gastric contents issuing 
from a tube placed in the duodenostomy by a signal magnet writing 
just below the flag of the manometer recording stomach contractions 
after partly filling the stomach with HO, acidified starch paste or 
milk peptone mixture. 

As soon as we had prepared the animal for the registration of the 
results, the stomach began to empty itself of its contents which were 


Fig. 2. Tracing showing the movements of the stomach containing food in 
a fluid condition. The signal magnet tracing below records the drops of fluid 
issuing from a duodenostomy located within an inch of the pylorus (dog). 


often tinged with some bile. The fluid was acid towards phenolphthalein, 
rarely acid to congo red and dimethylamidoazobenzene. Though 
usually tinged with bile we could easily demonstrate the presence of 
starch and absence of sugar precluding the possibility of regurgitation 
of mixed intestinal contents (pancreatic juice, bile and succus enteri- 
cus). It was, furthermore, never alkaline to phenolphthalein as noted 
above. 

More interesting to us was the relation existing between the time 
of opening of the pyloric sphincter and the motor activity of the stom- 
ach. Figures 2, 3 and 4 are submitted to illustrate this relationship. 
Figure 2, obtained from a dog, is quite similar to figure 1 obtained from 
one of us (A. J. C.). In both instances the fluid is seen to issue during 
the rise in the intragastric pressure known to be due in the latter case 
to waves of constriction passing toward the pylorus (peristalses). As 
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the tracing plainly shows, the drops issued most abundantly at a time 
when the constricting ring had reached the pylorus. It may and does 
very often issue during the rise in tone of the stomach which may be 
due not entirely to a traveling ring of constriction (peristalsis) but to 
general increase in tonic activity of the musculature as a whole as is 
seen at b in figure 2, and better still at b in figure 3. Certain it is that 
the pylorus is most widely open, if judged by the quantity of intra- 
gastric contents issuing from the tube in the duodenum, at the 


Fig. 4. Record of the movements of the partly-filled stomach with a signal 
magnet tracing below indicating the egress of the gastric contents in drops 


through a duodenostomy situated just below the pyloric sphincter. 


time of or immediately after the rise in intragastric pressure as 
shown at a in figure 3 and in a particularly pure form at a in figure 4. 
In the last-mentioned case the contractions of the stomach which re- 
sult in this ejection of chyme are identical with the contractions of 
the so-called empty or nearly empty stomach which are responsible 
for the sensation recognized universally as hunger pangs. Now, hunger 
contractions are known to result from peristalses sweeping over the 
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stomach toward the pylorus. We have, therefore, no hesitation in 
stating that there is certain relation between the opening of the pylorus 
and particularly vigorous peristalses but that a moderate general rise 
in intragastric pressure (fig. 3, b) in the absence of powerful peristalsis 
may effect the same result. But we again point out that the graphic 
record of the motor activity of the stomach is quite deceptive; for, 
where the activity was simultaneously observed fluoroscopically we 
have noted powerful waves of peristalsis when the record showed only 
moderate tonus changes (tonus rhythm of Rogers and Hardt). Com- 
paring.the contractions shown in figure 2, those of figure 4 are decidedly 
more vigorous. It is the latter type which is particularly related 
to an opening of the sphincter. 


DISCUSSION 


The results of Ivy (16) obtained after and quite independently of 
us are strikingly confirmatory of the observations just recorded. In 
describing emptying time of water (with ground meat) from the stom- 
ach, Ivy (p. 427) writes: 


In every dog it passed (i.e., the HO) in single gushes at varying intervals of 
from 10 to 30 seconds, each gush delivering from 5 to 30 cc. of water. These 
gushes as to time seemed to occur in groups, e.g., several of 10 second intervals 
would occur, then several of 15 seconds, then several of 12 seconds, and between 
these there might be interposed one or two of 5 second or of 30 second intervals. 
There was evidence of rhythm. 


Although Ivy was not interested in the cause of this rhythm he con- 
cludes that “the gushes could easily correspond to the occurrence of 
the peristaltic waves or stomach contractions, as reported by von 
Mering in 1893.”’ Ample evidence submitted by us in this paper 
justifies the assumption. 

We are anxious to record here a difficulty which interfered for some 
time with a study of this problem. We planned originally to make 
alirect observations, with the aid of a Kirstein light, of the behavior 
of the pyloric sphincter by looking at the sphincter through a glass 
cannula placed into the duodenostomy. Such attempts were invari- 
ably followed by pronounced and long-continued pylorospasm and 
vomiting. Vomiting is elicited with the greatest ease by any irritation 
of the duodenum. If great care is not exercised in introducing the 
collecting tube through the duodenostomy, vomiting invariably occurs. 
Reflex emesis is certainly more readily elicited from mechanical irri- 
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tation of the duodenal mucous membrane near the pylorus than from 
simple irritation of the gastric mucosa. Salivation and retching pre- 
cede the act. 

The failure of the fluid contents to reach the intestine under these 
conditions results from a true pylorospasm because of the duodenal 
irritation. Wave after wave of gastric peristalses would pass over 
the stomach but no ejection of chyme would follow. A silver director 
found the pylorus so tightly constricted that considerable pressure 
had to be applied before the instrument would pass into the stomach. 
Failure of fluid under these conditions to reach the intestine might 
have been due partly to a leveling of the gradient as conceived by 
Alvarez (17). Direct inspection, however, showed the pyloric sphincter 
tightly constricted (pylorospasm) and not patulous. 


CONCLUSIONS 


Sufficient evidence has been presented in this paper on the basis 
of experimental work on man and dog that there is a correlation between 
marked motor activity of the stomach (either as tonus changes or 
peristalses) and an inhibition in tone of the pylorie sphincter. The 
work of other investigators is not at variance with these results. On 
the contrary, most investigators reeognize that factors other than the 
presence of free acid in the stomach near the pyloric sphincter are 
related to an opening of that sphincter. 

Under the especial conditions described in our experiments, the 
intragastric contents issuing from the duodenostomy were usually acid 
toward phenolphthalein but rarely showed presence of free acidity to 
dimethylamidoazobenzene or congo red. Ivy (16) similarly found the 
water to issue neutral from the stomach. Only later did the acidity 
rise. Under normal conditions, aecording to Alvarez (18), the stomach 
wall follows gradients of irritability, rhythmicity and latent period 
from cardia to pylorus. With a gradient higher in the body of the 
stomach than near the pylorus, the increased pressure coming from 
above effects an opening of the pylorus even before the free acidity 
has reached a concentration sufficient to assume chemical eontrol of 
that sphincter. It seems probable that even under normal conditions 
the chemical control has been greatly over-emphasized to the exelusion 
of other possibilities. 
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SUMMARY 


1. Fluoroscopic examination of the stomach of man while recording 
simultaneously graphically the motor activity of the stomach shows 
that the pylorus opens for the ejection of chyme with arrival at the 
pylorus of powerful advancing rings of constriction aided possibly by 
a general increase in tone of the stomach musculature as a whole. 

2. In dogs, the intragastric contents issue from a duodenostomy 
either a, during a marked rise in the intragastric. pressure probably 
unaccompanied by peristaltic activity, or b, more commonly just at 
or after the peristaltic wave or waves passing over the stomach have 
effected their greatest increase in intragastric pressure. 

3. There was certainly a greater relation between the muscular 
activity and the opening of the pylorus than between the latter and 
the reaction of the intragastric contents. 

4. Vomiting is more easily induced by irritating duodenal mucosa 
than by an irritation of the gastric mucosa. 
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The present paper deals with the rate of oxygen consumption of 
Planaria during the process of regeneration. The physiology of this 
process has already been investigated in this laboratory by other 
methods and certain conclusions regarding the metabolic rate during 
regeneration have been reached. Chief among these methods is the 
direct susceptibility method, which consists, as explained in greater 
detail in the preceding paper of this series (1), in observing the time 
of death of living materials in certain toxic solutions. We believe for 
reasons previously given (1) that the time of death in these solutions 
is a measure of metabolic rate. By means of this direct susceptibility 
method, Child (2) has already determined the following facts regarding 
the metabolic rate of Planaria during regeneration. 

1. The susceptibility of pieces of Planaria within the first few hours 
after they are cut is greater than that of intact worms similar to those 
from which the pieces came. Hence the rate of oxygen consumption 
should be greater after section. 

2. The susceptibility of the main portion of the pieces then gradually 
falls and reaches a minimum in about twelve hours after section. From 
this time through three to four days after section it is about like that 
of intact worms. However, the susceptibility of the cut surfaces re- 
mains higher than that of the rest of the piece during this period and 
hence the total oxygen consumption should also be higher than that 
of intact worms. However, the factor of starvation must be con- 
sidered, since, as shown in the first paper (1), the oxygen consumption 
decreases during the early stages of starvation. 

3. The susceptibility of the pieces (both old tissue and regenerating 
surfaces) then begins to rise and continues to rise until the end of the 
regeneration process. Completely regenerated pieces are thus much 


67 


68 L. H. HYMAN 


more susceptible than the original intact worms. The oxygen con- 
sumption should likewise increase during regeneration and the oxygen 
consumption of the regenerated pieces should be considerably greater 
than that of the original intact worms. 

All of these expectations have been completely realized in the experi- 
ments to be reported. At the same time in this laboratory, Miss 
Harriet Robbins has determined the carbon dioxide production during 
regeneration and has found that it runs parallel to the oxygen consump- 
tion and the general susceptibility. 

The_ present experiments were performed upon twelve different lots 
of Planaria dorotocephala. Each lot was selected at random from the 
general laboratory stocks and consisted of medium sized worms, 15 to 
20 mm. in length, although no effort was made to select individuals 
of the same size, as this was not essential for the purpose of the experi- 
ments. The heads were removed from the worms the day before the 
experiment was begun in order to eliminate movement. The oxygen 
consumption of each lot of decapitated worms was determined. The 
worms were then cut into small pieces and the oxygen consumption 
of these pieces again determined at various intervals after section 
until the process of regeneration was completed. After each such de- 
termination the worms were weighed, and the oxygen consumption 
per unit weight could then be calculated. In some cases the regener- 
ated worms were fed in order to eliminate the factor of starvation. In 
all cases, after regeneration was complete, the regenerated parts were 
cut off and the oxygen eonsumption of those portions which corre- 
sponded to the original pieces tested separately. 

The method of determining the rate of oxygen consumption and the 
method of weighing have been described in the previous communi- 
cation (1), to which the reader is referred for details. 

Details regarding each lot of worms and the data obtained upon 
them are given in the following description and accompanying tables. 
To save space, the data upon lots 1 to 6 are condensed in table 1, only 
the final caleulations of the rate of oxygen consumption being presented. 
The data upon lots 7 to 12 are given in detail in tables 2 to 7. In these 
last mentioned tables, the time since section is stated in the first column, 
the actual cubic centimeters of oxygen consumed in a given time inter- 
val in the second column, the weight in grams in the third, and the 
exygen Gonsumed per unit weight per unit time in the fourth column. 
For the purposes of this calculation, purely arbitrary units of time and 
weight were selected, units, however, approximating those actually 


| 
{ 
| 
| 
| 
| 
| 


OXYGEN CONSUMPTION DURING REGENERATION 69 


encountered in the experiments. The time unit selected is two hours, 
and the unit of weight 0.5 gram; and the figures given in all of the 
columns of table 1 and in the fourth columns of tables 2 to 7 are there- 
fore the cubic centimeters of oxygen consumed in two hours by 0.5 


gram of Planaria. 
TABLE 1 
Record of lots 1 to6. Temperature 22°C. 


OXYGEN CONSUMED BY OXYGEN CONSUMED BY 


0.5 GRAM IN 2 HOURS | 0.5 @RamM IN 2 HOURS 
CONDITION OF WORMS | CONDITION OF WORMS | 


Lot1 | Lot2 | Lot3 


| Lot4 | Lot 5 | Lot6 


ce. ce | ee, cc. | 


Decapitated, in- | 0 30 | 0.29 | 0.28 || Decapitated, in- | 0.26 | 0.27 0.26 
tact, 2 days | | | tact, 3 days | 
since feeding «| ||  sinee feeding 


Cut into small pieces Cut into small pieces 


No to 8 hours af- | 0.35 | 0.34 | No to 3 hours af- 0.32 | 0.35 | 0.31 
ter section | 0.35 | 0.33 ter section 
0.36 | 


1 day after section .35 | 0.31 .33 || 2 days after sec- 
tion 


4 days after sec- | 0. a .29 || 7 days after sec- | 
tion | tion 


8 days after sec- | 0. 2 | 13 days after sec- 
tion | tion 


22 days after sec- | 0.45 


16 days after sec- 
tion 


tion 


Worms fed four times Regenerated parts cut off 


23 days after 1st | 0.36 | 0.37 | 0.37 
} 


| 
| 


23 days after sec- | 0.62 | 0.56 
tion, 2 days since 


feeding 


section; few to | 
22 hours after | 
second section | 


| 


Regenerated parts cut off 


25 days since Ist | 0.59 | 0.53 | 0.63 | 
section; 2 days | 
since second sec- 
tion 


| 
| | | | | 
| 
| 0.30 | 0.30 | 0.32 
| 
| 
| 
| | 
| | | 
P| | 0.54 | 0.55 | 0.53 | 0.41 | 0.43 
| 0.60 | 
| | 
| 


L. H. HYMAN 


Record of lots 1 to 3 (table 1). The worms in these lots were collected on March 
12, 1919; they were last fed on March 24; their heads were removed on March 25, 
and on March 26, the oxygen consumption of the decapitated worms was meas- 
ured. It ranged in the three lots from 0.28 to 0.30 cc. of oxygen in two hours per 


TABLE 2 
Record of lot?. Temperature 21°C. 


CALCULA- 
| TION, 
| AVERAGE 
AMOUNT OF 
WEIGHT OXYGEN 
CONSUMED 
BY 0.5 
GRAM 
IN 2 HOURS 


| OXYGEN CONSUMEDIN 


CONDITION OF MS 
ono TEST 


grams ce, 
Decapitated, intact, 1 day since feeding | 0.29 in 1} hours | 0.799 0.26 
| 0.34 in 14 hours* 


Cut into small pieces 


1 to 8 hours after section 0.35 in 1} hours 
| 0.40 in 14 hours 
20 to 22 hours after section | 0.39 in 1} hours 
| 
2 days after section 0.36 in 14 hours 
0.35 in 14 hours 


7 days after section 0.20 in 1} hours 
0.23 in 14 hours 


15 days after section 0.32 in 2 hours 
0.28 in 2 hours 


Worms fed three times 


days after section; 1 day since feeding | 0.39 in 2 hours 
0.38 in 2 hours 


Regenerated parts cut off 


23 days since first section; several hours 0.26 in 2 hours 308 0.48 
since second section | 0.34 in 2 hours 


tion were made on each occasion. 


0.5 gram. The worms were then cut into small pieces and in several determina- 
tions taken during the first eight hours after section, the oxygen consumed ranged 
from 0.29 to 0.36 ce.—a distinct increase over the preceding figure. On the fol- 
lowing day the oxygen consumption was about the same —0.31 to0.35cc. On 


March 31, four days after section, the oxygen consumption had fallen to 0.27 to 


i 
70 
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0.762 0.32 

0.673 0.38 
0.628 0.37 

| 

1 * Whenever practicable, two separate determinations of the oxygen consump- 
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0.29 cc. On April 4, eight days after section, it was rising again, being 0.28 to 
0.31; and on April 12, sixteen days after section, all of the pieces having undergone 
complete regeneration, the oxygen consumption was found to have increased 
greatly, having risen to 0.53 to 0.55 cc. The regenerated worms were now fed 
four times, on April 12, 13, 15 and 17, and on April 19 (the worms thus being in 


TABLE 3 
Record of lot 8, Temperature 21°C. 


CALCUL 
TION, 
AVERAGE 
AMOUNT OF 
WEIGHT OXYGEN 
CONSUMED 
IN 2 HOURS 
BY 0.5 
GRAM 


| OXYGEN CONSUMED IN 


CONDITION OF WORMS TEST 


ce. grams 


Decapitated, intact, one day since feed- | 0.37 in 14 hours 0.952 26 
ing 0.39 in 1} hours 


Cut into small pieces 


1 to 8 hours after section | 0.40 in 14 hours 
0.46 in 14 hours 


20 to 22 hours after section 0.48 in 1} hours 


2 days after section 0.45 in 14 hours 
| 0.40 in 1} hours 


7 days after section 0.25 in 14 hours 
| 0.24 in 14 hours 


15 days after section 0.35 in 2 hours 
0.33 in 2 hours 


Worms fed three times 
22 days after section ; 1 day since feeding | 0.48 in 2 hours 
0.46 in 2 hours 


Regenerated parts cut off 


23 days since first section; several hours | 0.28 in 2 hours | 0.369 | 
since second section 0.33 in 2 hours 


0.41 


the same state regarding nutrition as the original lots), the oxygen consumption 
was found to be 0.56 to 0.62 cc., a slight increase. The regenerated tissue at both 
ends of the worms was now cut off and two days later, on April 21, the remaining 
portions, corresponding as nearly as possible to the original pieces, were tested. 
Their oxygen consumption was 0.53 to 0.63 cc. The temperature throughout the 
experiments was 22°C, + 0.5. 


0.813 | 
0.502 0.46 


72 L. H. HYMAN 


Record of lots 4 to 6 (table 1). The worms in this lot were collected during the 
early winter of 1919, and were large and well-fed specimens. They were last fed 
on April 7, their heads cut off on April 9, and the decapitated worms tested on 
April 10. The oxygen consumption was 0.26 to 0.27 ce. They were then cut 
into smal! pieces and within the first few hours after section, their oxygen con- 


TABLE 4 
Record of lot 9. Temperature 21°C. 


| CALCULA- 

TION, 

| AVERAGE 
AMOUNT OF 

| 

| 


OXYGEN CONSUMED IN WEIGHT OXYGEN 


CONDITION OF WORMS TEST 


CONSUMED 
IN 2 HOURS 
BY 05 
GRAM 


ce, ce. 
Decapitated, intact, one day since feed- | 0.33 in 14 hours ? 0.27 
ing 0.35 in 1} hours 


Cut into small pieces 


4 to several hours after section 0.38 in 14 hours 
0.40 in 1} hours 


21 to 23 hours after section 0.45 in 14 hours 


2 days after section 0.39 in 1} hours 
0.38 in 14 hours 


7 days after section 0.21 in 14 hours 
0.24 in 1} hours 


15 days after section 0.32 in 2 hours 
0.30 in 2 hours 


Worms fed three times 


22 days after section; 1 day since feeding | 0.41 in 2 hours 
0.41 in 2 hours 


Regenerated parts cut off 


23 days since first section; several hours | 0.36 in 2 hours 
since second section 0.39 in 2 hours 


sumption was found to have risen to 0.31 to 0.35 ce. Forty-eight to seventy-two 
hours after section, it was about the same, 0.32 to 0.36 cc. On April 17, seven 
days after section, it had fallen slightly to 0.30 to 0.82 ce. On April 23, thirteen 
days after section, it was rising again, being 0.32 to0.38 cc. ; and on May 2, twenty- 
two days after section, when the pieces had undergone complete regeneration, the 


| 0.790 | 0.33 
| 0.714 | 0.42 
| 0.658 | 0.39 
| 0.530 0.28 
| 0.375 | 0.41 
| 


OXYGEN CONSUMPTION DURING REGENERATION 
oxygen consumption was much higher than at the beginning of the experiment, 
being 0.41 to 0.45 cc. The regenerated portions were now removed and the oxy- 
gen consumption of the remaining pieces, corresponding to the original pieces, 
was 0.36 to 0.37 cc. The temperature throughout these experiments was also 
22°C, = 0.5. 
TABLE 5 
Record of lot 10. Temperature 18°C. 


| | | CALCULA- 


| 
OXYGEN CONSUMED 


TION, 
| AVERAGE 
AMOUNT OF 


CONDITION OF WORMS WEIGHT OXYGEN 
| CONSUMED 

IN 2 
HOURS BY 
| 0.5 


IN TEST 


cc 


0.18 


grams | 


Decapitated, intact, four days since feed- | 0.23 in 2 hours 0.599 


ing 


0.21 in 2 hours 


Cut into small pieces 


1} to 34 hours after section | 0.29 in 2 hours 


0.29 in 2 hours 
0.23 in 2 hours 


18 to 22 hours after section 


0.23 in 2 hours 
0.20 in 2 hours 


2 days after section 


4 days after section 0.18 in 2 hours 


0.17 in 2 hours 
0.17 in 2 hours 


8 days after section 


0.15 in 2 hours 
0.16 in 2 hours 


17 days after section 


Regenerated parts cut off 


0.05 in 2 hours 
0.06 in 2 hours 


22 days since first section; few hours since 
second section 


Record of lots 7 to 9 (tables 2 to 4). The stock from which these worms were 
taken was collected in January, 1919. They were last fed on April 23, their heads 
removed on the same day, and their rate of oxygen consumption tested on April 
24. They were then cut into sma!l pieces and their rate of oxygen consumption 
tested at various intervals after section, as in the preceding experiments. As be- 
fore, the oxygen consumption was found to be greater during the first few hours 


P| 
| 0.512 0.28 
| | 
| 0.469 | 0.27 
| 0.452 | 0.23 
| | 
| 0.403 | 0.22 
| 0.332 | 0.25 
| | 
| | 
| | 0.181 | 0.42 
| 


L. H. HYMAN 


up through two days after section than it was in the same worms before section; 
it then fell, as shown by a measurement on May 1, seven days after section. 
From this time on, the oxygen consumption rose and on May 9, fifteen days after 
section, it was considerably higher than that of the original intact worms. The 
regenerated worms were then fed on May 10, 12 and 14, and the oxygen consump- 


TABLE 6 
Record of lot 11. Temperature 18°C, 


CALCULA- 
TION, 
AVERAGE 
AMOUNT OF 
WEIGHT OXYGEN 
CONSUMED 
IN 2 
HOURS BY 
0.5 GRAM 


OXYGEN CONSUMED 


OND N OF V M 
ri DITION OF WORMS IN TEST 


ce, grams 


Decapitated, intact, four days since feed- | 0.23 in 2 hours 0.560 


2 
ing | 0.24 in 2 hours 


Cut into small pieces 


1 to 3 hours after section 0.29 in 2 hours .540 


18 to 22 hours after section | 0.29 in 2 hours 
| 0.25 in 2 hours 


2 days after section | 0.25 in 2 hours 
| 0.23 in 2 hours 


4 days after section 0.20 in 2 hours 


8 days after section 0.20 in 2 hours 
0.19 in 2 hours 


17 days after section 0.17 in 2 hours 
| 0.15 in 2 hours 


Regenerated parts cut off 


22 days since first section; few hours since | 0.06 in 2 hours 
second section | 0.05 in 2 hours 


0.085 0.32 


tion tested on May 15, one day after feeding, as was the case with the original 
lots. As before, feeding resulted in a distinct increase in the rate of oxygen 
consumption. On May 16, the regenerated tissue was removed, and the oxygen 
consumption of the remaining pieces, corresponding to the original pieces, was 
again tested. The temperature throughout was 21°C. + 0.5. 
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Record of lots 10 to 12 (tables 5 to7). The members of lots 10 and 11 came 
a stock which had been for some time in the laboratory (date of collectio: 
known). They were large, well-fed individuals. The worms in lot 12 cam 
general mixed stock containing material which had been used for other exp 
mental purposes. The three lots were last fed on May 2, their heads were ren 
TABLE 7 
Record of lot 12. Temperature 18°C 
TION 
AVERAGE 


OXYGEN cox AMOUNT OF 

G CONS 

CONDITION OF WORMS IN TEST WEIGHI OXYGEN 
CONST MED 


IN 
HOUTF 


056 


ec grams 


Decapitated, intact, four days since feed- | 0.23 in 2 hours 0.681 
ing 0.24 in 2 hours 


Cut into small pieces 


4 to 2} hours after section 30 in 2 hours 


18 to 22 hours after section 31 in 2 hours 
22 in 2 hours 


hours 
hours 


2 days after section .28 in 2 
9 


4 days after section 22 in 2 hours 


8 days after section .21 in 2 hours 
in 2 hours 


17 days after section | 0.18 in 2 hours 
.20 in 2 hours 


Regenerated parts cut off 


22 days since first section; 1! day since sec- | 0.11 in 2 hours 
ond section 0.10 in 2 hours 


on May 5, and the oxygen consumption of the decapitated worms was tested on 
May 6. The worms were then cut into small pieces, and the oxygen consumption 
of the pieces tested at intervals after section as in the preceding experiments 
The rate of oxygen consumption was again found to be greater aftersection than 
before, remaining high through two days after section, then falling, and finally 
rising as regeneration was completed. The regenerated parts were then removed 
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and the rate of oxygen consumption of the parts corresponding to the original 
pieces tested. The temperature throughout these three experiments was 18°C. 
+ 0.5. 


A word is required regarding the degree of movement of the worms 
during these experiments, since movement increases the rate of oxygen 
consumption. The decapitated whole worms with which the experi- 
ments are begun are always perfectly quiet, as are also the pieces cut 
from them during the first ten or twelve hours after section. Twenty- 
four hours after section and from this time on through the greater part 
of the-regeneration process there is some slight movement among the 
pieces but this is not sufficient to affect the measurements of oxygen 
consumption. The completely regenerated worms, however, usually 
move about considerably, and the figures obtained at the end of the 
regeneration process are probably slightly too high on this account, 
although the amount of movement was reduced in most cases by shad- 
ing the worms and placing them in the flasks in which they were to 
be tested some time before the test was carried out. In experiments 
10 to 12 inclusive, movement was practically completely eliminated 
in all cases by testing the worms at a temperature of 18°C. Since the 
results in these three experiments do not differ from those of the other 
nine, it is reasonably certain that movement is never a significant 
factor in the general result. After the regenerated worms are fed, 
they remain perfectly quiet, and the pieces obtained by cutting off 
the regenerated regions are also motionless. 


CONCLUSIONS AND DISCUSSION 


The data upon twelve different lots of worms are in accord with 
each other, and justify the following conclusions: 

1. The oxygen consumption per unit time per unit weight of a given 
lot of worms is greater after these worms have been cut into small 
pieces than it was while they were intact. Section therefore increases 
the rate of oxygen consumption. The same conclusion had already 
been reached in this laboratory by means of other methods. Thus 
Child (2) long ago observed that the susceptibility of newly-cut pieces 
of Planaria to cyanide and other toxic solutions is much greater than 
that of intact worms. This increase in susceptibility is greatest at the 
cut surfaces but involves the entire piece also, in the case of small 
pieces. In long pieces the increased susceptibility is observable only 
at the cut surfaces and adjacent regions. This demonstrates that the 
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increase in susceptibility and rate of oxygen consumption following 
section are due primarily to the injury of cutting and spread from the 
cut surfaces with a decrement to the remainder of the pieces. The 
phenomenon is indeed only one example of the general physiological 
fact that injury is a form of stimulation, expressing itself in an increase: 
rate of respiratory exchange, increased production of metabolic prod- 
ucts, and electrical negativity. 

The increase in susceptibility after section has been observed in this 
laboratory not only in Planaria but in a variety of the lower organisms. 
I found it to be true for several species of small fresh-water annelids 
(3) and incidentally in the course of numerous investigations upon the 
susceptibility of the lower forms, we have invariably observed that 
injured places are more susceptible than adjacent uninjured regions. 
Scott (4) noted that the oxygen consumption of the sea-anemone 
Sagartia is increased after section. 

Not only are the rate of oxygen consumption and the susceptibility 
to toxic solutions of pieces of Planaria increased after section but, as 
Child (2) has shown with the aid of the Tashiro biometer, the carbon 
dioxide production is likewise accelerated. Recently Miss Robbins 
has repeated and extended these observations using the phenolsul- 
phonephthalein method of Haas (5). Tashiro in his book A Chemical 
Sign of Life has shown that such an acceleration of carbon dioxide 
production as a consequence of injury is a practically universal biologi- 
cal phenomenon and he suggests that the occurrence of this change 
may be regarded as a proof that the material in question is living. 

2. The increased rate of oxygen consumption following section was 
observed in these experiments to continue in most of the lots through 
forty-eight hours after section. Tests by the susceptibility method 
show that the susceptibility of the middle portions of the piece gradually 
falls after section and has returned to the condition found in intact 
worms in about twelve hours. However, the susceptibility of the cut 
and regenerating surfaces always remains higher than that of the middle 
part of the pieces. Hence.the oxygen consumption, since it includes 
all parts of the pieces, must be greater than that of intact worms during 
this early part of the regeneration period. Nevertheless, it was ex- 
pected that the oxygen consumption twenty-four and forty-eight hours 
after section would be somewhat less than it was within the first few 
hours after section. In lots 2, 5 and 10 this was the case but not in 
the other nine lots. It is therefore evident that extraneous factors 
enter into the determinations during this period, and this is further 
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indicated by the greater variability in the figures obtained during the 
first forty-eight hours after section than at later periods. It seems 
highly probable that the frequent weighings and handling during this 
period acted as sources of stimulation. This is further rendered prob- 
able by the greater uniformity in the measurements obtained with 
lots 10 to 12 which were tested at a lower temperature in order to 
eliminate some of these factors. 

3. During the period from three or four days to a week after section 
the oxygen consumption is falling. Since the susceptibility method 
shows no such fall in metabolic rate during this time, the decrease must 
be regarded as due entirely to starvation. As shown in the first paper 
of this series (1), the rate of oxygen consumption decreases continuously 
during the first two weeks of starvation, this resulting from lack of 
activity of the digestive tract. In the case of regenerating pieces the 
total oxygen consumption does not decrease as a result of starvation 
to as great an extent as in non-regenerating worms, since this decrease 
is partially compensated by the increased metabolic rate of the regen- 
erating ends of the pieces. The total oxygen consumption, therefore, 
of the pieces during the period from three or four days to a week after 
section is the resultant of two conditions, an increase due to regen- 
eration and a decrease due to starvation. During this period the latter 
factor predominates. 

4. From a week after section to the completion of the process of 
regeneration the rate of oxygen consumption is continually increasing. 
The oxygen consumption of the completely regenerated worms is very 
much greater than that of the intact worms from which the pieces 
were taken. The amount of this increase ranges in the twelve lots 
of worms from 50 to 150 per cent. Regeneration is thus a method 
of increasing the metabolic rate of Planaria. This conclusion had 
already been reached in this laboratory for Planaria and other forms 
through the use of the susceptibility method and further for Planaria 
through a study of carbon dioxide production during regeneration. 
Scott (4) found that the rate of oxygen consumption of a sea-anemone 
is increased by regeneration. 

The objection may be raised that the increase in rate of oxygen 
eonsumption per unit weight during regeneration may be only apparent 
since the decrease in weight’ might be due to a loss of non-respiring 
materials. But if this were the case, the oxygen consumption should 
increase during the early stages of regeneration, when the weight is 
decreasing most rapidly. As a matter of fact however, both in the 
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present series of experiments and in the experiments on starvation 
previously reported, the oxygen consumption is also decreasing during 
this time. In the later stages of both regeneration and starvation, 
the loss of weight occurs at about a uniform rate or even decreases 
slightly; yet during this time the rate of oxygen consumption is con- 
tinually rising. It is therefore reasonably certain that the observed 
acceleration of oxygen consumption in regeneration and starvation rep- 
resents a real increase in the basic metabolism of the cells of the organ- 
ism. The-same conclusion was reached by Benedict (6) in his study 
of the metabolism of man during prolonged fasting. 

The present ex»veriments therefore support Child’s conception of 
regeneration as a’ method of bringing about rejuvenescence—that is, 
restoring the organism to a metabolic condition comparable to that of 
young animals. 

5. The regenerated worms of lots 1, 2, 3, 7, 8 and 9 were fed in order 
to bring them to a state of nutrition comparable to that of the original 
pieces, since, as already explained, starvation tends to lower the rate 
of oxygen consumption during the peried in which the pieces are re- 
generating. In all six cases, the rate of oxygen consumption of the 
regenerated worms was increased by feeding. The tests were of course 
made at the same time interval after the last feeding as had been the 
ease with the original pieces. It is naturally impossible to assert that 
after three or four feedings the regenerated pieces are in the same state 
of nutrition as the original pieces from which they came but at least 
they are as the result of such feeding more comparable to the latter. 
It is only after the effect of starvation has been eliminated that the 
real extent of the rise in oxygen consumption resulting from regeneration 
can be detected. 

6. The rise in rate of oxygen consumption due to regeneration in- 
volves not only the newly regenerated portions, but also the old tissue 
of the piece. This was determined by removing and discarding the 
new heads and tails and testing the rate of oxygen consumption of the 
pieces remaining after this operation, such pieces corresponding as 
nearly as possible to the original pieces. Presumably these pieces are 
stimulated by section as were the original pieces although we cannot 
say whether they are stimulated to the same degree through the re- 
moval of the regenerated portions as are pieces cut from whole worms, 
as this point has not yet been subjected to experimental test. . It is 
probable that they are less stimulated by section than are pieces cut 
from whole worms since in newly regenerated worms the old portions 


80 L. H. HYMAN 


have not yet established connections with the newly formed ends. 
Probably the severance of morphological and physiological connections 
and conduction paths is one of the chief factors in the stimulation 
observable after cutting. 

Since, however, we have no definite information upon the degree of 
stimulation by section in pieces cut from regenerated worms, it is 
necessary to assume that it is the same as that in pieces cut from in- 
dividuals not recently regenerating. One must therefore compare these 
pieces comprising the old portions of the regenerated worms with the 
original pieces at approximately the same lengths of time after section. 
The necessary data for this comparison are given in the tables. It 
is evident that when the regenerated worms were fed, the oxygen 
consumption of the old portions cut from them is always considerably 
higher than that of the original pieces the same length of time after 
section and after feeding. When the regenerated worms were not 
fed, the oxygen consumption of the old tissue is less but in all cases, 
except in lot 10, it is still higher than that of the original pieces con- 
sidered the same length of time after section. This one exception may 
be due to variability in the degree of starvation. 

It is therefore certain that when restored to the same condition of 
nutrition, pieces from which regenerated tissue has grown out have a 
higher rate of oxygen consumption than the same pieces before sueh 
growth occurred. 

It is further evident from the data at hand that the rate of oxygen 
consumption of the old portions of the regenerated worms is less than 
that of the regenerated regions since in all cases where the worms were 
not fed, the oxygen consumption is reduced by cutting off the regener- 
ated tissue. Where the worms were fed, a comparison cannot be made 
since the rate of oxygen consumption after feeding depends upon the 
number of worms which feed and upon the amount of food which they 
ingest, and this in return depends upon the morphological condition 
of the digestive tract, a factor which is very variable in a mixed lot 
of regenerating worms such as those used in these experiments. 


SUMMARY 


1. The oxygen consumption of a given lot of Planaria per unit weight 
is increased when they are cut into small pieces. This increase is due 
to thé stimulation of injury. 

2. This inerease persists through about forty-eight hours after cut- 
ting but may fall slightly during this period. The persistence of the 
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increase is associated with the activity of the cut surfaces, the original 
tissue in the pieces probably not being involved. 

3. The oxygen consumption of the pieces then falls and remains at 
a low level for about one week. This fall is due entirely to starvation. 
The fact, however, that the decrease in rate of oxygen consumption 


during this period is not as great as in starving non-regenerating worms 
indicates that the oxygen consumption of the regenerating regions has 
remained high threughout. 

4. The oxygen consumption then begins to rise and continues to 
rise as regeneration proceeds. The oxygen consumption of the com- 
pletely regenerated worms is 50 to 150 per cent greater than was that 
of the worms from which the pieces were taken. 

5. When the regenerated worms are fed in order to eliminate the 
factor of starvation their oxygen consumption rises to a still higher 
figure. 

6. The increased rate of oxygen consumption in regenerated worms 
is due not only to the high metabolic rate of the regenerated tissue but 
also in part to an acceleration of the rate of oxygen consumption of 
the old tissue comprising the original pieces. In other words, when 
a piece of Planaria undergoes regeneration, its metabolic rate is thereby 
accelerated; its rate is not, however, as high as that of the regenerated 
regions. 

7. These experiments confirm the conclusion already reached by 
Child through other methods that the process of regeneration is a 
rejuvenating process, restoring the organism to a metabolic condition 
comparable to that of young organisms. 
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A previous study of anesthesia demonstrated certain changes in the 
acid-base equilibrium during that process (1). For practical needs in 
the matter, the question of whether to give carbon dioxide with the 
anesthetic or alkali before or after the anesthetic, was continually the 
basis of the work. A certain few surgical patients show uncompen- 
sated acidosis after anesthesia and operation. These studies were to 
show, if possible, changes in the nitrogen metabolism. 


TECHNIQUE 


Blood was collected before anesthesia was begun, and after the 
anesthetic was stopped, from the arm veins of unselected surgical 
patients admitted to the Lankenau Hospital, and operated in the 
clinic of Dr. John B. Deaver. Oxalate was used to prevent clotting. 
Blood-urea was determined by the urease method. Non-protein ni- 
trogen was determined on 10 cc. of blood; coagulation of the proteins 
was accomplished by trichloracetic acid, and nitrogen estimated on 
the filtrate by the Kjeldahl method. Urine in the first series was 
collected twenty-four hours before, and twenty-four hours after opera- 
tion; and in later experiments, it was collected at shorter intervals. 
The results were exactly the same. Urea was determined by the 
urease and titration method; ammonia by aeration and titration; 
phosphates by the uranium titration method; total acidity by titration 
with deci-normal sodium hydroxide, using phenolphthalein as indi- 
cator to the first faint pink. 

Our a priori arguments were as follows: If acids are increased dur- 
ing anesthesia, the titrable acidity of the urine should increase. 
The blood-urea should diminish as a result of increased demand for 
ammonia. The urine urea should possibly decrease and the urine 
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ammonia increase. The figures shown in the table express the results 
of determinations on about ninety patients. The urinary acidity was 
increased very definitely in every case until in some instances, almost 
half normal acid was excreted. The blood-urea and non-protein ni- 
trogen were increased in every case. In the urine the general ten- 
dency of the ammonia was to increase, whereas the excretion of urea 
was either increased or diminished, with apparently no relation be- 
tween the urea in the urine and in the blood. The question of 
retention or increased production immediately suggested itself in the 
vase of the increase in the blood-urea and non-protein nitrogen. 


TABLE 1 
BLOOD 


Non-protein 
nitrogen Urea Ammonia litrable acidity 
per 100 cc 


Before After Before Before 


Before 


per 
cent 


per 
cent 


per per 


gm m 
4 cent 9 cent 


mgm. gm gm 


40 .4* (37.8) 35 | 43 |0.150.0.097 0.97 106 
23.0 40 0} 13 | 20 |0.006.0.007'0.045 0.043 0.36.0. 41/1.300 
33.6* |21.5) 13 | 22 |0.073,0.048 0.039 0.060 1.62 1.06 0.47 0 

8 |44.5) 24 | 34 
| 22 | 27 |0.026 0.052 0.047 0.047 0.43 0.87 0.57 0.5 

12 

11 | 30 1 
| 13 | 38 (0.232:0.082,0.016 0.055 3.96 1.41 
| 12 | 15 |0.084,0.0300 

25 0 .053'0 .070 0.094 0.049. 0.66.0.88 0.89 0.47 


* These were the only cases in the series which decreased. 


MacNider’s excellent work has shown that during anesthesia, in a 
non-nephropathic animal, the response to diuretics is approximately 
normal (2). From the fact that the blood-urea was universally in- 
creased, and the fact that among these patients there were numbers 
whose kidneys were non-nephropathic, as far as it was possible to learn, 
we can say that if retention does play a part, it does not tell the whole 
story. Therefore, there must have been an increased metabolism in 
the usual way down to urea. There must, however, also have been 
some slight relative changes in the nitrogen metabolism; for the in- 
creases in the non-protein nitrogen do not entirely parallel the increases 
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in blood-urea. As regards the urinary findings, the urea excretion 
bears no constant relationship to the variations in the blood-urea. 
This is in harmony with observations of urea excretion and blood-urea 
levels in other circumstances. We are not convinced that any definite 
and strict mathematical relationship has been shown as yet. That 
the ammonia is not increased in each case is perhaps not as surprising 
as first thought would suggest. A markedly increased elimination of 
phosphates accounts for some of the acidity of the urine (3). These 
no doubt play a part, as well as the sodium bicarbonate, in neutralizing 
the.inereased acids. In any given ease, then, alkali-is available in a 
number of forms, and in all probability, could a complete analysis be 


TABLE 2 


Urinary elimination of phosphates (P2Os) 


BEFORE AFTER 


per cent per cent 


89 | 1.2 
304 1.1 
392 0.922 
25 | 0.865 
09 | 0.46 
31 | 0.732 


made of all the acids and alkalies, both in the blood and urine, before 
and after anesthesia, a mathematical proportion between them could 
be worked out. 

The possibility has been kept in mind that the changes in metabolism 
may not be altogether along the normal route. Further investigations, 
particularly directed to a search for abnormal intermediate products, 
as well as, perhaps, the products of an entirely abnormal metabolism, 
those due, for example, to direct destruction of cytoplasm or nuclear 
material by the anesthetics,—must be conducted to elear up some 
points. This was afield of our practical needs in the matter, and we 
have not carried them out. 


SUMMARY 


It has been demonstrated that small but very definite changes in 
metabolism take place during anesthesia. The reduction in bicar- 
bonate of the blood plasma which occurs in that case must be due to 
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these changes, and not to mere over-ventilation, as suggested by Y. 


Henderson (4). Therefore, giving carbon dioxide with the anesthetic 
is contraindicated. Alkali should be given in selected cases. 
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This work was undertaken for the purpose of investigating under 
standard experimental conditions all the more important methods of 
treating a condition which exhibits the clinical signs of surgical shock 
in order to determine the relative value of the methods. While 
numerous such investigations have been made, only a portion of the 
entire field has been covered by a single investigation. Since in the 
different series of experiments various methods were used to produce 
the condition called shock it is impossible to compare the therapeutic 
results. 

The method of producing the signs of shock was the same through- 
out in the present investigation and while the results may not be 
applied directly to all cases clinically diagnosed as surgical shock, the 
different methods of treating a condition which presents a common 
symptomatology can be accurately compared. Since it is obvious 
that the condition which the surgeon terms shock is due to a variety 
of causes, it is useless to attempt to find a specific therapeutic procedure, 
but as the symptoms are usually the same it is reasonable to suppose 
that some general therapeutic measures will be found. 

The method of producing shock has varied greatly with the different 
investigations. In my work exposure of the abdominal viscera has 
seemed to afford the nearest approach to the production of shock 
presenting all the clinical signs (17). Our routine method was as 
follows: The animal, a dog, which had been fasted for from twelve 


1 Presented before the American Physiological Society, April, 1919, Baltimore. 
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to eighteen hours, was etherized in a closed cabinet, incubated, and a 
constant surgical anesthesia maintained by means of a Connell appa- 
ratus. Carotid blood pressure was recorded by means of a mercury 
manometer; sometimes the membrane manometer was also employed. 
After a record of normal blood pressure was obtained, the abdomen 
was opened and the viscera exposed. The only trauma to which thx 
exposed viscera were subjected was the occasional gentle sponging 
with dry gauze or changing them from one side of the body to the 
other. When blood pressure had decreased and remained rather sta- 
tionary at the desired level, which usually occurred about one to two 
hours after the exposure of the viscera, they were returned to the 
abdominal cavity and the wound was closed. After a length of time 
sufficient definitely to determine that blood pressure did not increase, 
procedures to improve the condition of the animal were instituted. 
The blood pressure was taken as a criterion of the animal’s condition 
because it affords the easiest method of comparison. All other clinical 
signs of shock were also noted. 

‘The maintenance of a constant anesthetic throughout the experi- 
ment removed the possibility of an error either in the interpretation 
of blood pressure records or in the general condition of the animal 
(19), (20). Anesthetic control experiments were carefully performed, 
the etherization being maintained at the same tension and for a length 
of time equal to that of the shock experiments. Practical conclusions 
can only be drawn from the results which apply to the condition in 
which the signs of shock were produced by exposure of the abdominal 
viscera, although it would seem that they should also be of value in a 
condition of a lowered and progressively decreasing blood pressure. 
The experiments were acute because it seemed that the therapeutic 
procedure would be put to asgreater test if the animal was maintained 
under an anesthetic throughout the experiment and because the char- 
acter of the experiment would not warrant the complete withdrawal 
of the anesthetic. 

The fact should be emphasized that blood pressure which has been 
decreased and remains stationary below a certain level, and is allowed 
to remain there even for a very short time, is never restored and 
maintained by any known method of treatment. We have estimated 


the pressure below which no hope for restoration could be held as half 


the initial pressure maintained constant for one hour. In our experi- 
ments the methods of treatment, with very few exceptions, proved of 
no permanent value if the blood pressure had been decreased to less 
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Fig. 1. Kymograph record showing the successful use of acacia. Record 1, 
normal blood pressure 118. Record II, after the abdominal viscera had been 
exposed 1} hours; blood pressure 70. Record II], taken 30 minutes after the 
viscera were replaced; blood pressure 74; 160 cc. (20 ec. per kgm.) of a 6 per cent 
solution of acacia in 0.9 per cent sodium chlorid solution were injected (signal 
A-B); the injection was probably too rapid. The blood pressure increased to 
a maximum of 84. Records IV, V, VI, VII and VIII were taken at succeeding 
hours after the injection. The blood pressure was 84, 90, 95, 95 and 96 respec- 
tively. This is one of the few successful results following the use of acacia in 
the series of experiments. 

Fig. 2. Kymograph record showing the favorable action of acacia. Record I, 
normal blood pressure 105. Record IT, after 1 hour of exposure of the abdominal 
viscera; blood pressure 70. Record III, 15 minutes after replacing the viscera; 
blood pressure 68; 100 cc. (20 ec. per kgm.) of a 6 per cent acacia solution in 0.9 
per cent sodium chlorid were injected slowly; blood pressure increased to a 
maximum of 82. Record IV, taken 30 minutes after injection; blood pressure 76. 
Record V, taken 1 hour after injection; blood pressure 80. Records VI, VII, VIII 
and IX were taken at successive hours after the injection with blood pressure 
of 92, 90, 98 and 85 respectively. These experiments seem to show that the 
result is as good as can be hoped for with acacia. 

Fig. 3. Kymograph record showing the results of the injection of an alkaline 
acacia solution. Record I, normal blood pressure 148. Record II, after exposure 
of the abdominal viscera for 1 hour; blood pressure 88. Record III, after ex- 
posure of the abdominal viscera for 2 hours; blood pressure 75. Record IV, 
after replacing the viscera for 10 minutes and the injection of 146 ec. (20 cc. per 
kgm.) of a 7 per cent solution of acacia and 4 per cent solution sodium bicar- 
bonate; the blood pressure increased to a maximum of 118. The succeeding 
records were taken at one-hour intervals after injection. The decrease in blood 
pressure occurring in the last records is characteristic of the action of an alkaline 
acacia solution, but usually blood pressure is not maintained for so long a time. 

Fig. 4. Kymograph record showing a failure of acacia solution followed by a 
success with gelatine solution (Hogan’s). Record I, normal blood pressure 140. 
Record II, 14 hours after exposure of the abdominal viscera; blood pressure 82. 
Record III, 30 minutes after the replacing of the viscera; blood pressure 94; 104 
ec. (20 cc. per kgm.) of a 6 per cent solution of acacia in 0.9 per cent sodium 
chlorid were injected (signal A-B). The injection may possibly have been 
made too rapidly; at any rate there was little improvement in blood pressure. 
Record IV, taken 35 minutes after the injection of acacia; blood pressure 70; 104 
ec. of gelatine solution (Hogan’s) were injected at the same rate the acacia had 
been injected; blood pressure increased to 112. Records V, VI, VII and VIII 
were taken at succeeding hours after the last injection. The blood pressure 
was respectively 100, 112, 118 and 110. The gelatine produced a much better 
result than acacia. 
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Fig. 5. Kymograph record showing the action of the citrated blood after a 
failure of acacia and modified acacia solution. Record I, normal blood pressure 
112. Record IT, after exposure of the abdominal viscera for 1 hour; blood pres- 


sure 52. Record III, after the replacing of the viscera for 5 minutes; 70 ec. (20 
ec. per kgm.) of a 6 per cent solution of acacia in 0.9 per cent sodium chlorid 
solution were injected (signal A-B). The blood pressure increased to a maximum 
of 80, but soon began to decrease and in 30 minutes it was 55. Record IV, taken 
10 minutes after record IIT; blood pressure 50; 70 ec. of a modified acacia solution 
(6 per cent acacia, 10 per cent glucose, 1 per cent sodium carbonate, 1 per cent 
sodium sulphate were injected (signal C-D). The blood pressure increased to a 
maximum of 110, but soon began to decrease. Record V, taken 40 minutes after 
record IV; blood pressure 60. Record VI, taken 1 hour after the last injection; 
blood pressure 56; 70 cc. of citrated blood were injected (signal E-F). The 
blood pressure increased to a maximum of 85. Records VII, VIIT, IX and X 
were taken at succeeding hours after the last injection. Note the beneficial 
action of blood. 

Fig. 6. Kymograph record showing the restoration and maintenance of blood 
pressure by the injection of blood after a failure of acacia solution. Record I, 
normal blood pressure 105. Record IJ, 1 hour after exposure of the abdominal 
viscera; blood pressure 70. Record IIT, immediately after the replacing of the 
viscera; blood pressure 40; 70 ec. (20 cc. per kgm.) of a 6 per cent acacia solution 
in 0.9 per cent sodium chlorid solution were injected (signal A-B). The blood 
pressure increased to a maximum of 70, but within 30 minutes had decreased to 50. 
Record IV, taken 50 minutes after record III; blood pressure 48, 70 cc. citrated 
blood were injected (signal C-D). The blood pressure increased to a maximum 
of 86. Records V, VI and VII were taken at succeeding hours after the last 
injection, with blood pressures of 88, 90 and 88, respectively. 

Fig. 7. Kymograph record showing the effect of injection of dextrin followed 
by gelatine solution. Record J, normal blood pressure 115. Record IT, 1 hour 
after the exposure of the abdominal viscera; blood pressure 65. Record III, 15 
minutes after the replacing of the viscera; 150 ec. (20 cc. per kgm.) of a 20 per 
cent dextrin solution were injected. The blood pressure increased to a maximum 
of 120, but soon decreased to 60. Record IV, taken 1 hour after record III; blood 
pressure 58; 150 cc. gelatine solution (Hogan’s) were injected; blood pressure 
increased to a maximum of 82. The succeeding records were taken at one-hour 
intervals after injection. Note the slow recovery and the failure of blood 
pressure. 
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Fig. 8. Kymograph record showing the results of the injection of dog serum. 
Record I, normal blood pressure 110. Record IT, after exposure of the abdominal 
viscera for 1 hour; blood pressure 64. Record II, after the replacing of the 
viscera for 15 minutes; 110 ec. (20 ec. per kgm.) of dog serum were injected. The 
blood pressure was increased to a maximum of 110. The succeeding records, 
IV to VIII, were taken at one-hour intervals after injection. The serum re- 
stored blood pressure to normal and maintained it for 5 hours, until the experi- 
ment was interrupted. 

Fig. 9. Kymograph record showing the beneficial action of dog serum after 
a failure of normal salt solution. Record J, normal blood pressure of 112. Record 
II, after exposure of the abdominal viscera for 1 hour; blood pressure75. Record 
III, after the viscera had been replaced for 10 minutes; blood pressure 65; 156 
ec. (20 ee. per kgm.) of normal salt solution were injected (signal A-B). The 
blood pressure increased to a maximum of 85, but in 15 minutes had decreased 
to. 72. Record IV, an equal amount of dog serum was injected (signal C-D). 
Blood pressure increased to a maximum of 120. Records V, VI, VII, VIII and 
1X, were taken at succeeding hours after the injection, with blood pressures 
respectively of 105, 110, 120, 115 and 105. 

Fig. 10. Kymograph record showing the beneficial results of citrated blood 
after a failure of acacia. Record I, normal blood pressure 130. Record IJ, after 
exposure of the abdominal viscera for 1 hour; blood pressure 80. Record III, 
after the replacing of the viscera for 15 minutes; blood pressure 70; 116 ce. (20 ce. 
per kgm.) of a 6 per cent acacia solution in 0.9 per cent sodium chlorid solution 
were injected slowly (signal A-B). ‘The blood pressure increased to a maximum 
of 90, but soon began to decrease. Record IV, taken 30 minutes after the injection 
was stopped. Blood pressure 60. Record V, taken 1 hour after the injection; 
blood pressure 70. Record VI, taken 1} hours after the injection; blood pressure 
74; 116 ce. of citrated blood were injected slowly (signal C-D). The blood pres- 
sure increased to a maximum of 110 and then decreased slightly after the in- 
jection was stopped. Record VII, taken 30 minutes after the injection was 
stopped; blood pressure 118. Record VIII, taken 1} hours after the injection; 
blood pressure 118. -Record 1X, taken 2} hours after the injection; blood pres- 
sure 112. -Record X, taken 4 hours after the injection; blood pressure 98. The 
animal was used for another experiment. 
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than one-half its initial value; this is true regardless of the means by 
which blood pressure is lowered, for example, by hemorrhage, exposure 
of abdominal viscera, and by obstruction of the venous return, such as 
partial occlusion of the vena cava. Conclusions should, therefore, not 
be drawn with regard to a therapeutic procedure when it is tried out 
in an experiment in which the blood pressure has been decreased 
below one-half its normal value and because of the variability of the 
different animals unless, of course, the animal recovers. We believe 
however, that it might be of some clinical value if a therapeutic pro- 
cedure could be found which completely or in greater part restores and 
maintains blood pressure for two hours, with the animal under a con- 
stant anesthesia and with a constant artificial temperature condition, 
after the blood pressure has been decreased from one-third to one- 
fourth its initial pressure by exposure of the abdominal viscera. These 
conditions were the standards we used in judging the value of the 
various methods of treatment. 

The treatment of shock may be described under four headings: 
a, general measures; b, special measures; c, the use of drugs; d, attempts 
to restore fluid volume. 

General measures. The most important general measure in the 
treatment of shock is the ancient practice of applying heat. The 
employment of heat is of value not only because shock is commonly 
associated with exposure to cold but also because the thermogenetic 
and thermo-regulatory mechanisms are impaired. It is probably not 
true that this impairment of the mechanism which keeps the body 
temperature constant is the primary cause of shock but the artificial 
maintenance of body temperature during the period of impairment 
produces beneficial results. It should be noted, however, that this 
deficiency in regulation applies to heat as well as to cold and that 
too much heat is harmful. 

In most instances the temperature of our animals was kept almost 
constant by the judicious employment of an electric heating pad. 
In some experiments the heat was only applied after low blood pressure 
had been produced and at the same time the other therapeutic measures 
were instituted. Except that the blood pressure decreased more 
slowly when the heat was used from the beginning of the experiment 
no notable difference was observed in the results of the therapeutic 
procedure. 

In order to increase the circulation around the bulbar centers it is 
usually recommended that the head be placed in slight Trendelenburg 
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position. Theoretically this should be of value, practically it may be; 
but in our experiments little effect could be noted. 

Special measures. The purpose of most of the many special measures 
which have been devised for treating shock is to increase blood pressure 
either by decreasing the vascular capacity or by aiding in the return 
of blood to the heart. Strapping the limb and increasing intra- 
abdominal pressure should be of benefit, inasmuch as such measures 
decrease the vascular capacity, but their value is difficult to demon- 
strate experimentally. Rebreathing has also been recommended; ac- 


cording to Porter, it increases the action of the respiratory pump and 


thus aids the return of blood to the heart by sucking it into the thorax. 
The rationale of rebreathing in treating shock from the chemical 
standpoint is an integral part of Henderson’s acapnial theory. The 
value and limitation of rebreathing in surgery and anesthesia were 
first carefully studied by Gatch (11). In previous studies on rebreath- 
ing in shock I have shown that the process is similar in the normal 
and in the shocked animal but that no measurable benefit results; this 
was confirmed by the present series of experiments. 

Drugs. Drugs are usually employed in the treatment of shock for 
one of two purposes; first, either as a general stimulant, with particular 
reference to their action on the circulation and on the central nervous 
system (strychnin, camphorated oil, alcohol, ete.); and second, as 
vasomotor constrictors (epinephrin, pituitrin, etc.). Following the 
theory that shock is due to excessive vasoconstriction, the nitrites have 
been recommended for the purpose of decreasing vasoconstriction. 
Morphin is also recommended, mainly for its depressing action on the 
central nervous system. 

Many investigations have been made with regard to the value of 
strychnin in the treatment of shock. Most investigators are agreed 
that the drug is of no value, although many surgeons, relying on their 
clinical experience, still use it in large doses (9). In experimental 
shock it is impossible to observe any effect of strychnin in doses smaller 
than those necessary to produce definite convulsive movements. It is 
questionable whether even these large doses produce a beneficial action; 
in our experiments it could not be said that any of the so-called stimu- 
lants were of value. 

The value of the use of vasoconstrictors in the treatment of shock is 
still an open question. In the first place, although the decreased blood 
pressure is of great importance in shock, it is not known whether or not 
its increase by means of vasomotor constrictors is in itself of much 


96 F. C. MANN 


permanent benefit to the organism, and it would seem that they might 
be of distinct harm by decreasing the fluid supply to the tissues. In 
the second place, none of the vasoconstrictor drugs produce a very 
prolonged effect. Epinephrin is the most popular of these drugs to 
be employed in shock. It easily restores the decreased blood pressure 
and by continuous injection, the blood pressure can be maintained for 
a considerable length of time. As soon as the injections are stopped, 
however, the blood pressure sinks to its former level or usually lower. 
In our experiments pituitary extract produced a more prolonged action 
and seemed to be of somewhat greater benefit than epinephrin. Of 
course, repeated doses of the former cannot be employed as in the 
case of the latter drug. In general it may be said that experimentally 
the vasoconstrictor drugs produce little if any permanent benefit in the 
treatment of surgical shock although they might be employed clinically. 

The nitrites produce their characteristic depression of blood pressure 
when it has been decreased by exposure of the abdominal viscera, but 
certainly no beneficial result has been observed from their use. Neither 
is the effect of morphin marked, but since it has been shown that 
the drug changes the regulations of blood volume, it should be studied 
more fully (2). 

Attempts to restore fluid volume. It has been shown that a definite 
and marked loss of circulating fluid accompanies low blood pressure 
after the exposure of the abdominal viscera (18). This also seems to 
be true in other forms of experimental shock (12). In many clinical 
vases of surgical shock there is a loss of circulating fluid (4), (5), and 
it seems logical to treat the condition by an attempt to restore the lost 
fluid to the circulation. A large number of artificial fluids have been 
devised for this purpose. We have investigated the use of most of 
these solutions under the standardized conditions mentioned. 

We usually injected the fluid to be tested with a burette although in 
some instances a continuous injection machine was employed. The 
former method proved the most practical, although it was impossible 
accurately to control the rate of injection. The effect of the injection 
depends somewhat on the rate at which the solution enters the vein. 
In general it seemed that the best results were produced with a rate 
that was just a little less than the amount which produced cardiac 
disturbance. Better results were obtained when the temperature of 
the sqlution was below 37° rather than above. 

In our experiments the use of blood gave far better results than the 
use of any other substance except blood serum. If blood pressure is 
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not decreased to less than one-half its initial value after exposure ot 
the abdominal viscera, the intravenous injection of citrated blood in 
relatively large amounts, 20 cc. per kgm., will practically always restore 
and maintain it for many hours. Asa rule, equally good results have 
not been secured with any of the artificial solutions. Blood frequently 
restored blood pressure after other solutions had failed. Homologous 
blood serum will produce practically the same results (19). 

Blood or blood serum show in many ways their superiority over all 
artificial solutions. They do not raise blood pressure more than 
some of the other solutions and quite frequently the blood returns more 
slowly to normal than after the use of some artificial mediums, but, 
whereas in most instances in which artificial mediums are used blood 
pressure soon drops to the shock level or below, after the injection of 
blood or serum, the increase in pressure is usually maintained for many 
hours. In shock the injection of any solution brings about a return of 
sensibility requiring higher ether tensions. The degree of sensibility 
is more marked after the injection of blood or serum than after any 
one of the solutions. 

Physiologic sodium chlorid solution is usually employed to restore 
lost fluid volume; this is the least valuable of the artificial fluids used 
if the blood pressure has been lowered in the manner employed by us. 
Hypertonic saline solutions have been recommended and in some of 
our experiments they produced a definite beneficial action but the in- 
creased blood pressure was never long maintained. None of the saline 
solutions alone will maintain blood pressure for more than a very 
short time even when it has been reduced to but slightly below normal 
by exposure of the abdominal viscera. The saline solutions will 
usually pass out of the vascular system almost as fast as they are run in. 

The use of sodium carbonate and bicarbonate in hemorrhage and 
shock was experimentally investigated several years ago; their use 
clinically has been emphasized recently. 

Howell (16) seems to have been the first to study the effect of an 
alkaline salt in shock. He studied the effect of injection of sodium 
carbonate in a condition of shock produced by different methods. 
The beneficial results of such injections in the experimental conditions 
of low blood pressure which he had produced were due, he concluded, 
chiefly or entirely to g direct action on the heart. Dawson (6) in 


continuing Howell’s study, investigated the effect of the injection of 


sodium bicarbonate in a condition of low blood pressure produced by 
hemorrhage. He found that it produced better results than the 
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sodium chlorid solution, and suggested that the bicarbonate solution 
be used in those cases of shock accompanied by hemorrhage. Seelig, 
Tierney and Rodenbaugh (23) obtained marked beneficial results by the 
injection of sodium carbonate in the condition of experimental shock, 
and concluded that the results were not due to the bulk of fluid in- 
jected, the hypertonicity or alkalinity of the fluid, or to the free carbon 
dioxid, but to the specific action of the salt on the heart muscle. 

Cannon (4), in his study of shock in the front line trenches, found 
that there is a definite decrease in the alkalinity of the blood in cases 
of shock. The injection of sodium bicarbonate relieved this and pro- 
duced very marked benefit. Patients on whom the surgeon refused 
to operate were tided over the critical period by the injection of either 
sodium carbonate or sodium bicarbonate which produced a rise in 
blood pressure and especially an increase in pulse pressure, thus making 
it possible to operate in a very short time. 

In our experiments more lasting benefit was secured by the injection 
of sodium carbonate or sodium bicarbonate than by normal salt solu- 
tion. Neither of the alkaline salts, however, completely restored blood 
pressure, nor was the increase long maintained. 

Glucose has been suggested and used in post-operative treatment by 
several clinicians (3). Erlanger and Woodyatt (8) investigated its 
action in experimental shock and found it to be of some benefit. In 
our experiments the injection of such solutions was of definite value 
although rarely was there a complete restoration of blood pressure, 
nor was the increase long maintained. Glucose when added to some 
of the other artificial solutions seemed to enhance their value. 

Hogan (15) first recommended gelatine as a medium to restore lost 
fluid volume. His formula was used in several of our experiments and 
gave good results in some. In general it is as satisfactory as any of 
the artificial mediums. Great care should be taken, however, in its 
preservation, because it deteriorates very readily and may produce 
untoward results. It was very difficult to modify the gelatine solu- 
tions by the” addition of other substances, and no modification was 
found to be as safe or to give better results than Hogan’s original 
formula. 

We have used acacia and its various modifications as recommended 
by Bayliss (1). The addition of acacia to ~ transfusion solution 
certainly increases the power of that solution to restore and maintain 
blood pressure. The results following the use of acacia, however, 


were quite variable and sometimes disastrous. This variability of 
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action seemed to depend on both the acacia and the condition of the 
animal. It is quite possible that the results of our use of acacia have 
not been so good as those which others report because our acacia was 
not the same (21). We obtained the best we could, however, and I am 


quite sure the average surgeon who wishes to use it clinically would ob- 


tain no better. The alkaline acacia solution, when properly made by the 
addition of sodium carbonate or sodium bicarbonate, usually produced 
a better result than acacia alone, but it is difficult to prepare an alka- 
line acacia solution and more difficult to sterilize it and, on the whole, 
it did not seem to be a safe solution to use. Good results were produced 
by the addition of glucose to acacia (7). The modified acacia solu- 
tion, which gave the best results in our experiments, consisted of 6 per 
cent acacia, 10 per cent glucose and 1 per cent sodium sulphate. 

Many other methods for restoring fluid volume besides those already 
mentioned were tried. The rapid injection of 35 per cent solution of 
cane sugar, as recommended by Guthrie (13), usually fully restored 
the blood pressure but it was not long maintained. In acute hemor- 
rhage, however, it produces good results. Various strengths of dextrine 
solutions were used; they restored the blood pressure more satis- 
factorily than the other artificial solutions but they failed to maintain 
it. A 1 per cent sodium sulphate solution produced fair results. It 
is interesting to note that distilled water gives better results in experi- 
mental shock with regard to blood pressure than do normal salt solu- 
tions. Crude preparations of hemoglobin from dog’s blood produced 
good results and seems to warrant future study. 

In summarizing the various methods employed to resture fluid volume 
it should be emphasized that a, in these experiments blood or blood 
serum produced by far the best results; b, the colloidal solutions were 
the best artificial solutions used; c, in general the gelatine solutions 
produced a more favorable action than the acacia solutions although 
some of the modifications of the acacia solutions produced as good or 
a better action than the gelatine; and d, care must be exercised in the 
use of gelatine and acacia because dangerous reactions may be pro- 
duced with either. 


SUMMARY 


All the more important methods of treating under standard experi- 
mental conditions a state that exhibits the clinical signs of surgical 
shock which is produced by the exposure of the abdominal viscera of 
a dog, under a constant ether anesthesia, until blood pressure «e- 
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creases to the desired level, were tested. The therapeutic measures 
were tested after the viscera had been replaced and after determining 
the curve of the blood pressure. 

The treatment of shock is described under four headings: 

1. General measures. Heat, keeping the head down, etc. The value 
of the classical use of heat as well as the effect of cold in helping to 
produce the condition, was corroborated experimentally. 

2. Special measures. Strapping the limbs, rebreathing, etc. Ex- 
perimentally, rebreathing was not found to be of importance. 

3.-The use of drugs. Stimulants, vasoconstrictors. None of the 
drugs usually employed in the treatment of shock were found to be 
very effective. 

4. The restoration of fluid volume. The best results in the treat- 
ment of experimental shock were obtained by the injection of fluid 
media. The data of the experiments justify the conclusion that none 
of the artificial solutions give such good results as the use of blood. 
The so-called colloidal solutions and their various modifications give 
better results than normal salt solution, but their potency is certainly 
not equal to blood or blood serum and occasionally they might be 


harmful. 
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In a previous paper I (1) reported a series of ‘‘heat puncture” ex- 
periments on rabbits, the results of which indicated that in certain 
cases hyperthermia followed puncture of the brain, but since there 
was no correlation between the location of the lesion and the occur- 
rence of the hyperthermia, the rise in temperature did not depend 
upon injury to the corpus striatum or other special ‘“center.’”’ The 
existence of special “‘centers’” in the brain for the regulation of body 
temperature was, therefore, not confirmed. 

The hyperthermia which occurred in 22 per cent of the cases, how- 
ever, remained unexplained, as also did the fatal symptoms accom- 
panying a number of these and other cases of puncture; the symptoms 
noted in such cases suggested the possibility of a condition of increased 
intracranial pressure due perhaps to hemorrhage in the cranial vessels. 
This possibility was tested out by a series of experiments in which the 
intracranial pressure in rabbits was increased artificially. The symp- 
toms produced by greatly increasing the pressure, 250 mm. or more 
of water, were identical with those observed in fatal puncture cases; 
increase in rate of respiration, slowing of heart beat, vasoconstriction, 
pupilo-dilatation, rise in body temperature followed by a fall before 
death. A moderate increase (150 to 200 mm. of water) produced less 
marked effects, the most apparent being an increase in the rate of 
respiration and vasoconstriction with a subsequent rise in body tem- 
perature. Practically every case with a definite increase in the pressure 
in the cranial cavity showed a rise in temperature sufficiently high to 
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be considered experimentally produced. The findings accord with the 
well-known symptoms in clinical cases of traumatic brain lesions. 

The explanation of this influence of increased intracranial pressure 
on body temperature and also the fatal symptoms of higher pressure 
would appear to be that the pressure acts as a stimulus to the principal 
bulbar centers causing an increased rate of respiration by stimulation 
of the respiratory center, decrease in heart rate by stimulation of the 
eardio-inhibitory center, vasoconstriction by stimulation of the vaso- 
motor center, and dilatation of the pupils by stimulation of the cervical 
sympathetic. In case of greatly increased and prolonged pressure 
these centers finally become paralyzed, their functioning ceases and 
death follows. Dixon and Halliburton (2) offer a similar explanation 
of the pressure symptoms observed by them in their experiments with 
dogs. On the other hand, with a moderate increase in intracranial 
pressure there is less evidence of bulbar stimulation, the most apparent 
excitation beng that of the vasomotor center. The vasoconstriction 
resulting from this stimulation causes more heat to be retained in the 
body and consequently a rise in the body temperature. In fatal cases 
the body temperature falls again just preceding death probably 
because of the paralysis of the vasomotor center. 

These results support the view that temperature regulation is de- 
pendent upon physico-chemical factors without the intervention of 
hypothetical ‘heat centers.” 

The rise in body temperature and other symptoms attending in- 
creased intracranial pressure correspond so closely to those of “heat 
puncture” in which there is generally sufficient brain lesion to cause 
an increase in pressure in the brain cavity, and those of clinical brain 
lesions, that it seems possible to apply the same explanation to each 
of these cases. I think the rise in temperature which is reported by 
advocates of the ‘heat center” theory as due to “heat puncture” can 
be explained in a like manner, as can also the rise obtained in 22 per 
cent of my punctures and the fatal symptoms in a number of these and 
other cases. 

The detailed results of this and further investigations will be published 
in a later paper. 
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The method of estimating the blood volume employed in the pre- 
ceding paper (1) brought to light the fact that the intravenous injec- 
tion of a concentrated solution of gum acacia tends to prevent the con- 
centration of the blood which otherwise practically invariably develops 
while shock is being induced. This observation suggested the present 
set of experiments which had as their first object a more detailed in- 
quiry into the mechanism of this action of gum acacia, and ways of 
facilitating it. 


SERIES I. OBSERVATIONS ON NORMAL ANIMALS 


Procedure. Three experiments were performed on each of four 
normal dogs. The animals were anesthetized with morphine and 
ether. The first experiment on each dog consisted in the administra- 
tion of a hypertonic crystalloid (18 per cent glucose, usually 5 ec. per 
kilo of body weight). After the animal had recovered from the effects 
of this injection, usually on the next day, a hypertonic colloid (5 to 6 
ec. of a 30 or 25 per cent solution of gum acacia, respectively) was 
given. An interval of 3 days was then allowed to elapse. This was 
regarded as sufficiently long to permit of the disappearance of the gum 
acacia. Then in three of the instances the animal was given, first, the 
ucacia and, immediately after, the glucose, both in the same concen- 
tration and amount as had been previously employed. To the fourth 
animal was given a 7 per cent solution of gum acacia. All injections 
were made as rapidly as possible. The hemoglobin percentage, deter- 
mined as described in the preceding paper (1), served to indicate the 
effects these injections had upon the blood volume. The injections 
were made into the femoral vein and the samples of blood were taken 
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from some large artery. The arterial pressure was not followed in 
this series of experiments. 

Results. When glucose is injected, the well-known fact is confirmed 
that the blood comes into osmotic equlibrium with the tissues within 
the first minute or two. The maximum theoretical dilution produced 
by the dose of glucose given may be calculated thus:—A 5.52 per cent 
solution of glucose is isotonic with blood 

6.88 (osmotic pressure of blood in atmospheres) 18 
ee ic pressure of 18 per cent glucose) 
the 0.9 gram of glucose contained in each 5 ec. of the solution, the dose 
per kilo of animal, would therefore suffice to make aR , or 16.3 ce. 
of an isotonic solution. If we take 92 ec. as the quantity of blood in 


TABLE 1 


GLUCOSE ACACIA ACACIA AND GLUCOSE 


EXPERI- 
MENT 
NUMBER 


in vol- 


Dose per kilo Dose per kilo 


mum volume 


increase 
mum volume 


crease 
increase 


ume 
Observed maxi- 


Observed maxi- 


‘ 


per cent per cent per cent per cent per cent 


10.6 | 7. 5 ec. 30% | 31.2 | 19 24.0 


ec. 18% | 17.7 | 12 


4 5 cc. 18% | 17.7 | 10.0 


*Solution administeted teo slowly. 


ach kilo of animal the addition of 16.3 cc. per kilo will make a blood 
volume of 108.3 cc.; the blood volume is increased 17.7 per cent. Of 
the water required to effect this increase 5 cc. are furnished by the 
injection; the remaining 11.3 cc. must be taken from the tissues. 

The results obtained are given in table 1, and two of the four sets of 
observations are plotted in figures 1 and 2. The table shows that in 


(1) 
(2) 3 4 (5 (6 (7 8 a) 
1 | 3cc. 18%, | 
2 5 ce. 185 6.0 6 cc. 25% | 31.2 | 10.0 18.0 
5 ec. 18% 
‘ 6 cc. 25% 
3 5 cc. | 31.2) 11.0) 35.0 
5 ec. 18% 
5 cc. 31.2 | 12.0 | 18 ec. 7% | 22.0 
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2 3 G 


Fig. 1. Experiment 2, table 1. Blood volume, in per cent of the original, 
plotted against the time. Zero hour marks the completion of the injection of 5 
ce. of 18 per cent glucose (—x—x—) on the Ist day, 6 ec. of 25 per cent gum acacia 
(— @— @—) on the 2nd day, and 6 ce. of 25 per cent gum followed immediately 
by 5 ee: of 18 per cent glucose (— O— O—) on the 4th day. 


0 Hr 1 2 3 + 


Fig. 2. Experiment 3, table 1. Blood volume in per cent of the original plotted 
against the time. Zero hour marks the completion of the injection of 5 cc. of 
18 per cent glucose (—x—x—) on the Ist day, 6 cc. of 25 per cent gum acacia 
(— @— @—) on the 2nd day,.and 6 cc. of 25 per cent gum followed immediately 
by 5 ce. of 18 per cent glucose (— O— O—) some days later. 
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each instance the observed maximum dilution after the injection of 
glucose (average = 8.7 per cent) falls far short of the theoretical maxi- 
mum (17.7 per cent). This difference, presumably, is merely the result 
of the rapid loss of glucose from the circulation; it may be disappearing 
while the injection is proceeding, and also during the short interval 
elapsing between the termination of the injection and the taking of the 
first sample of blood. The largest discrepancy is seen in experiment 2, 
and in this instance it was recorded that the injection proceeded too 
slowly. 

The maximum dilution was attained within 4 to 2 minutes. The 
blood then began to concentrate, rapidly at first, and then more slowly, 
and became normal within 5 to 45 minutes. 

The results following the injection of the acacia solution differed quite 
decidedly from those obtained with the glucose. We present first om 
method of calculating the anticipated dilution of the blood as based 
upon the osmotic pressure of the acacia solution. According to data 


yresented in the preceding paper (1) we can consider the osmotic pres- 
] 


sures of 7 per cent acacia and blood serum 22 mm. and 16.4 mm. of 
mercury, respectively. On this basis 5 ec. of 30 per cent acacia would 
have to expand to 28.7 cc. to have the same osmotic pressure as the 
serum colloids. This would entail a 31.2 per cent expansion of the 
blood volume (normal 92 cc. per kilo). 

The maximum dilutions observed experimentally (19, 10, 11 and 12 
per cent) were in every instance much less than the theoretical 31.2 
per cent. The dilution of 19 per cent was obtained in an experiment 
in which acacia was injected as soon as the dilution resulting from the 
glucose had disappeared; in the other experiments the acacia was in- 
jected one to three days after the sugar. This maximum dilution in 
every instance was attained very much more slowly (in 25 to 50 min- 
utes) than when the glucose was injected (in 4 to 2 minutes). Of 
greater interest, however, is the slow return of the blood concentration 
toward the normal. In the four experiments the return to normal 
required more than 3 hours, more than 6 hours, 2} hours and 3 hours 
respectively. 

It is obvious that the colloid attracts water very slowly compared 
with the crystalloid glucose; therefore, at no time during the period of 
observation does the serum regain its normal osmotic properties. In 
spite of the increased colloid content of the plasma the maximum vol- 
ume reached is not maintained. The plasma volume is reduced toward 
normal in spite of its increased colloidal osmotic pressure. This is 
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most probably to be attributed to filtration resulting from the increase 
in capillary pressure that would arise from the plethora and the in- 
creased viscosity. As acacia can maintain for some time a volume 
greater than normal it is to be expected that it would be even more 
effective when injected into an animal whose blood volume had been 
previously depleted, the volume-compensating mechanism not being 
then called into play. This is an example of the well-known pharma- 
cological principle that it is easier to change a function toward normal 
than away from normal. 

It follows from these observations that neither the concentrated 
solution of gum acacia nor the concentrated solution of glucose is per- 
fectly satisfactory as a means of expanding the blood volume; the for- 
mer attracts water slowly, though it holds it in the circulation for rela- 
tively long periods of time, whereas the latter attracts water with 
great rapidity, but the increased blood volume disappears with cor- 
responding rapidity. To maintain an increased volume by the injec- 
tion of glucose, the injection must be continuous. 

It was conceived, therefore, that the shortcomings of each of these 
methods of expanding the blood volume might be corrected by com- 
bining the two; that if concentrated acacia were injected it would hold 
the water which a subsequent injection of concentrated glucose brought 
it. Experiment proved this to be true. 

When glucose is injected after acacia we might expect, if the acacia 
holds all the water that the sugar can bring in, that the maximum 
theoretical blood volume increases of 10.6, 17.7 and 17.7 per cent 
respectively in the first-three experiments would be added to the blood 
volumes resulting from the acacia injection. If we add the former 
percentages to the pereentage increases obtained experimentally in the 
acacia control series (columns 3 and 7, table 1) we have theoretically 
possible expansions of 29.6, 27.7 and 28.7 per cent, that is, volumes 
within the theoretical holding power of the injected acacia. The cor- 
responding expansions found were respectively 24, 18 and 35 per cent 
(column 9). Explanation of the variations from theory would demand 
a longer and more carefully controlled series. The data, at any rate, 
clearly support the original supposition, that glucose would bring in 
fluid which would be held by the acacia. The maximum dilution was 
reached very quickly; indeed, in two of the instances it was attained 
within 4 minutes or practically as quickly as when glucose was injected 
alone. In the other case the maximum was attained with the reading 
made 16 minutes after the injection, but 8 minutes had elapsed between 
this and the preceding reading. 
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After attaining the maximum, the blood volume at once begins to 
decline. In the two instances in which the maximum was quickly 


attained (experiments 2 and 3) this decline was slowly progressive as 
long as it was followed. At the time of the last readings made, the 
blood volume has always been higher following the injection of the two 
solutions than in the case of the injection of acacia alone. This is prob- 


ably due in part to the greater initial increase in volume when the gum 
and the crystalloid are injected together, although it has been our 
experience in several instances that the increase in volume resulting 
from a rapid injection of very hypertonic colloid may be rapidly dis- 
posed of. The reason for this we have not analyzed. 

The slow return of the blood volume to normal is seen also after the 
injection of more dilute (7 per cent) acacia. In the third part of ex- 
periment 4, 18 ec. per kilo of such a solution were injected, a volume 
sufficient to increase the blood volume (normal 92 ec. per kilo) 19.6 
per cent. The actual dilution observed was about 21 per cent directly 
after the injection. The blood volume began to decline at once, but 
so slowly that 5 hours later it was still 111 per cent of the original. 
The 7 per cent acacia was chosen in this experiment on the assumption 
that we were working with an isotonic colloid. According to our pres- 
ent calculations, however, even the 7 per cent would be appreciably 
hypertonic. 


SERIES II. OBSERVATIONS ON ANIMALS IN SHOCK 


1. The effect of injection of solutions of colloids and crystalloids on the 
circulation 


The main conclusion to be drawn from the experiments reported in 
part 1 of this paper is that in normal animals a hypertonic colloid will 
hold in the circulation not only the water that it itself slowly attracts, 
but also the water brought to it rapidly by a hypertonic crystalloid, so 
that the combined injection of the two results in a rapid and well- 
sustained expansion of the blood volume. The colloid employed in 
those experiments was gum acacia; the crystalloid, glucose. In view of 
the acidosis demonstrated to be present in the types of shock with 
which we were working it was deemed advisable in the tests carried out 
on animals in shock to employ as the crystalloid either NagCO; or 
NaHCoO,, instead of glucose. It may be assumed that the principles 
involved, as regards changes in the blood volume, are not altered by 
this change in the crystalloid employed. 
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Methods. The animals were first traumatized by holding the arterial 
pressure down to 40 mm. Hg. for a period of about 2 to 2} hours by 
partly occluding the inferior vena cava (2), (3). This damage in our 
experience in time usually brings on a shock-like failure of the circula- 
tion. The blood volume was followed, as previously, by estimating 
the hemoglobin. In addition, the pressure in the carotid artery was 
followed by a method that entailed practically no loss of blood or 
mixture of the anticoagulant salt with the blood in theanimal. In a 
few experiments the CO: capacity of the blood was followed by the 
Van Slyke method. 

In most of the experiments the solution injected was 25 per cent 
sodium acacia in 4 or 5 per cent NasCO; or NaHCQOs. the amount, 4 or 
5 ec. of the solution per kilo of body weight, though many other com- 
binations, including the first Bayliss solution (4), were used. As a 
1.37 per cent solution of NasCQ; is isosmotic to blood, each cubic centi- 
meter of a 5 per cent solution injected would have to expand to 3.65 
ec. before becoming isosmotic to plasma. Our 5 per cent solution of 
NaHCO; lowered the freezing point of water 1.879°C. One cubic 
centimeter of this would, therefore, expand to about 3.35 ec., Five 
per cent solutions of these substances are, therefore, comparable with 
respect to their osmotic pressures to the 18 per cent glucose in the pre- 
ceding experiments. Owing to the inadvisability of rapidly injecting 
concentrated acacia solutions into animals in shock, the injection in 
these experiments was prolonged usually to 20 or more minutes. 

Blood volume. The changes in the blood volume that occurred are 
collected in table 2. In every case the increase in volume after the 
injection of 25 per cent gum in combination with 4 or 5 per cent car- 
bonate is at leust as great as that calculated to be necessary for all the 
crystalloid injected to become isosmotic. And in no instance is the 
increase in blood volume, determined shortly after the injection, any 
greater than the volume of water that the injected gum acacia is theo- 
retically capable of holding. But in experiments 22, 25 and 30 the 
blood volume continues to increase so that the ultimate dilution is 
greater than the theoretical holding power of the acacia, though within 
the limit of error of the methods, in the case of experiment 30. The 
explanation of this result is not obvious. There is the possibility that 
the improvement in the circulation permits the organism to partici- 
pate in increasing the blood volume. 

A glance at the table will show that other solutions of gum acacia, 
such as simple 7 per cent gum acacia and 6 per cent gum acacia in 
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2 per cent NaHCO; (4), when osmotic properties as well as volume of 
fluid injected are taken into account, are quite as efficacious in restoring 
and maintaining the blood volume as are the stronger solutions. While 
there is often some recession from the maximum dilution this is never 
large, and in five of seven animals in which the concentration was 
followed for over 1 hour after the injection, the volume at the last read- 
ing is as large as that obtaining within the first 3 minutes after the 
injection. 

When these experiments were performed we believed that 7 per cent 
acacia was isosmotic with the colloids of the blood and that its effect on 
the blood volume was merely additive. On the basis of data presented 
in the preceding paper (1), we now consider the colloidal osmotic pres- 
sure of serum to be 16.4 mm. of mercury and of 7 per cent acacia 22 
mm. We have recently dialyzed a 7 per cent solution of acacia in the 
same Locke’s solution used in making the above determinations, against 
serum in a Moore and Roaf osmometer, arrangement being made for 
intermittent renewal of the serum in the lower chamber. The pressure 
developed was 6.6 mm. of mercury. The pressure on the acacia was 
released after the first determination and the experiment then con- 
tinued with the salts in the acacia solution modified by the interchange 
of salts with the serum during the first determination. The pressure 
developed in the second determination was again 6.6 mm. This pres- 
sure is to be compared with the difference of 5.6 mm. between the 
separate direct determinations. 

After the injection of 18 ce. per kilo of 7 per cent acacia the osmotic 
pressure of the plasma colloids is calculated to be 8.5 per cent above 
normal. After the injection of 5 cc. per kilo of a solution containing 
18 per cent glucose and 25 per cent acacia the colloids would be 10.7 
per cent hypertonic after enough fluid had been brought in from the 
tissues to render the crystalloid isotonic, assuming that all the glucose 
stayed in the vessels till diluted. It therefore follows that after the 
injection either of the 7 per cent acacia solution or of the very hyper- 
tonic gum and glucose solutions in the above quantities the blood 
plasma is left with a colloidal osmoti¢ pressure somewhat above normal. 

In the solution containing 6 per cent acacia and 2 per cent NaHCO; 
both the colloid and crystalloid are slightly hypertonic, even after mak- 
ing allowance for the loss of carbonate in the precipitation of CaCQs. 
Table 2 shows that the blood dilution resulting from the injection of 
the 6 per cent gum acacia solution in 2 per cent NaHCO; was greater 
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than could be accounted for simply by the addition of the volume of 
water actually injected. 

Blood pressure. Practically invariably the arterial pressure is raised 
by the injection of any of these solutions containing gum and crystal- 
loid (see table 2) even when the injection of the crystalloid alone is 
without effect (see a, fig. 6). The effect of the injection upon the blood 
pressure, however, seems to be merely an incident in the course taken 
by the pressure as determined by the reaction of the animal to the 
clamping of the cava. If at the time the gum solution is injected the 
pressure is rising, the injection facilitates the rise somewhat; but if the 
pressure is falling, the solution while usually causing the pressure to 
rise for a time, fails to maintain the pressure. Sooner or later the pres- 
sure begins to fall again, and the animal invariably dies. This fall in 
pressure may occur even while the blood volume apparently is increasing. 


2. Alkali reserve in experimental shock 


Before presenting the effect on the alkali reserve of the acacia-car- 
bonate mixtures, the effect of the shock-producing procedures which we 
have employed, upon the carbonate content of the plasma should be 
recorded. This study was made because at the time these experiments 


were performed considerable importance was being attached to the 
reduction in reserve alkali which had been found to obtain in clinical 
shock (5). 

In a number of animals we have followed with the Van Slyke ap- 
paratus the changes in the CO, capacity of the plasma of arterial blood 
drawn without loss of CO.. This is regarded by Van Slyke and Cullen 
(6) as the ideal method of estimating the alkali reserve. Most of the 
determinations were made in duplicate. 

The data are collected in figure 3 in which the volume per cent of 
CO, is plotted against the mean arterial pressure. The first blood 
sample in each case was drawn after anesthetizing the animal with 
morphine followed -by ether and after making all of the operations 
preparatory to starting the procedures by which shock-like failure of 
the circulation was to be induced. It is seen that these readings ranged 
between 50.5 and 26.1, and usually were below 40.0. 

In order to avoid any complications that might arise as a result of 
the withdrawal of blood, it was necessary to reduce the number of 
readings of the CO, capacity to a minimum. As a rule, therefore, 
only one other reading was made and that at a time when we felt as- 
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sured that a shock-like failure of the circulation had become established. 
The readings made at that time, with but one exception (no. 2), show a 
markedly reduced CO: capacity. And, with but this one exception, 
the inclination of the line joining the initial with the shock reading in 
almost every instance is remarkably constant; these lines are all nearly 
parallel to each other. 


«(120 


Fig. 3. Showing the relation of CO, capacity of arterial blood (ordinates) to 
arterial pressure (abscissae). The first reading in each case is made before start- 
ing to induce shock; the subsequent readings later by the time (in minutes) 
indicated in each case. Shock by intestinal exposure, — @—; shock by caval 
occlusion, — O—; shock by aortic occlusion, — O—; shock by adrenalin injec- 


tion — A—. 


On the other hand the gradient of the curves or of the parts of the 
curves joining readings made before the fall in pressure in general had 
exceeded 50 per cent of the original value is not quite so steep. This 
possibly may mean that the tissue alterations that lead to the reduc- 
tion in alkali reserve do not progress rapidly until the condition that 
brings them about has reached a relatively advanced stage of develop- 
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ment. This inference is borne out in the main by the curves of the 
relation obtaining between the CO, capacity and the volume flow of 
blood published by Gesell (7). His curves as a rule show that the flow 
of blood through the salivary gland may be below 50 per cent of the 
original for some time before the CO. capacity begins to fall. It would 
seem, therefore, that the reduced CO: capacity is the result and not the 
cause of the fall in arterial pressure. 

The gradient of the line joining the initial with the final readings as 
may be seen in figure 3 is largely independent of the time. It can also 


0 Hrs. a 5 

Fig. 4. Experiment 22. Arterial pressure, — @— @—; blood volume, - - @- - @- -, 
per cent of: normal, determined by the reciprocal of the Hb. content; 
CO, capacity, --@---@-- The figure shows the acceleration of the rise of 
pressure, that follows release of the cava, by the injection of 5 cc. per kilo of a 
solution consisting of 25 per cent sodium acacia in 5 per cent Na,COs;, and the 
subsequent maintenance of a good pressure. It shows, also, a tremendous in- 
crease in the blood volume resulting from the injection. The blood volume is 
still high at the close of the experiment, more than 2 hours after completing the 
injection. It also shows the rise in the CO, capacity. This animal died before 
twenty-three hours had elapsed. 


be seen that though the lines tend to parallel each other they may be on 
widely separated levels, so much so that the final readings in a case of 
advanced shock may be within, or almost within, the range of the nor- 
mal readings of other cases. While there is no clear direct relationship 
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between the CO, capacity and the arterial pressure, it nevertheless is 

. obvious that a reduction in the carbonate content of the plasma from 

¢ ; arterial blood is a constant accompaniment of shock as we have 
induced it. 

The alkali reserve after injections of solutions containing acacia and 

carbonate. The carbonate content of the arterial blood was followed 

in two of the cases that received 5 per cent NasCO; with the acacia. 


0 ’ 2 3 5 
iy i Fig. 5. Experiment 24. Four cubic centimeters per kilo of 25 per cent acacia 
.: 2: in 5 per cent NazCO; were injected. Essentially the same results were obtained 
Ma in this case as in experiment 22. This animal recovered. 


Or 1 


Fig. 6. Experiment 34. In this case the pressure began to fall when some- 
thing less than 54 minutes had elapsed after removing the clamp from the cava. 
At a time when the pressure was stationary at 100 mm. of Hg. the animal (at a) 
was given 4 cc. per kilo of a 4 per cent solution of NaHCO;. The pressure fell 
somewhat while this was being given. A solution consisting of 25 per cent so- 
dium acacia in 4 per cent NaHCO,, 4 cc. per kilo, was then given (at b). Under 
the influence of this injection the pressure rose and the blood volume increased, 
but neither was quite restored to normal. Almost immediately after terminat- 
ing the injection the blood pressure began to fall again despite any measureable 
decrease in blood volume. This animal died. 
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One received 5 cc. per kilo of body weight, the other 4 cc. In the first 
case (fig. 4) the volume of combined CO: was raised from the shock 
level of 19.8 per cent to 50.6 per cent; and in the second case (fig. 5) 
from 20.6 per cent to 48.6 per cent. The values attained in each case, 
therefore, were quite normal for dogs under ordinary conditions of 
experimentation. 

The ultimate results of the injection of a solution containing hypertonic 
acacia and carbonate. A general discussion of the effect of the injections 
on the blood pressure, the blood volume and the aikali reserve has been 
given. There remains to be considered the fate of the individual 
animals. In figures 4, 5 and 6 typical experiments are graphically 
presented. It is obvious from these and similar experiments (see 
table 2) that an intravenous injection which raises the blood pressure, 
and maintains the rise for the period of the experiment, which restores 
the blood volume and the alkali reserve in an animal that has been 
damaged to an extent that in time usually results in a shock-like failure 
of the circulation, may not prevent a fatal issue. One cannot help but 
conclude, therefore, that these alterations in the state of the animal 
do not constitute the primary cause of death from shock; in other 
words, they are merely symptoms of some more fundamental process, 
which determines the condition of the animal but to which the former 
may be contributary. 


SUMMARY 


1. When glucose in 18 per cent solution is injected into the circula- 
tion of a normal animal the blood comes into osmotic equilibrium with 
the tissues within the first minute or two, the average maximum dilu- 
tion amounts to but half of the theoretical maximum and the blood 
regains its normal concentration within 5 to 45 minutes. 

2. When gum acacia in a concentrated solution is injected the aver- 
age maximum dilution of 41.7 per cent of the theoretical maximum is 
attained within 25 to 50 minutes; the decline of the blood volume to 
normal requires 2} to 6 or more hours. 

3. When the concentrated acacia is immediately followed by the 
glucose the maximum dilution is quickly attained and is much greater 
than that resulting from the injection of either of the two substances 
alone. The dilution is well maintained. 

4. Comparable results are obtained in animals in shock when a 
strong solution of gum acacia is followed by a solution of NaeCO, that 
is isosmotic to 18 per cent glucose. 
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5. With such a combination of solutions given in appropriate amounts 
the blood volume, the blood pressure and the reserve alkali of animals 
in shock often can be brought to normal and held there for the usual 
duration of an experiment. Yet such animals, as well as shocked 
animals treated with other combinations of gum acacia and carbonate 
or bicarbonate, often died within 24 hours. 
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INTRODUCTION 


With the growth of our personal experience with experimental shock 
we came more and more to feel that a solution consisting of hypertonic 
gum acacia and of a hypertonic crystalloid would prove helpful in 
counteracting the disturbances which seemed to be responsible for the 
failure of the circulation that constitutes the main feature of that 
state. 

The growth of this idea may be briefly outlined. Our first experi- 
ments had as their object a study of the hemodynamics of shock. They 
convinced us that a giving way of the vasomotor center or of the heart 
is to be regarded, speaking broadly, only as a relatively late conse- 
quence of a low arterial pressure, and not as its cause. In the early 
stages of shock as induced by exposure of the intestines (1), by partial 
occlusion of the aorta or of the vena cava (2), or by the administration 
of adrenalin (3), the only constant circulatory fault seemed to be a 
reduction in blood volume, both actual and effective (4). We found 
in all types of shock, among other less constant lesions, marked dila- 
tation of the capillaries and venules of the villi of the intestines. 

Since our methods of inducing shock all seemed to depend upon the 
effects of slowing the blood stream, since furthermore the same vas- 
cular changes can be seen to develop during partial occlusion of an 
artery (5), and since the shock that follows the administration of 
adrenalin seems to be referable to the constriction of the arterioles it 
produces by local action, we ventured to suggest (6) that in man the 


! With the assistance in some of the experiments of Paul C. Hodges, 
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prime factor, also, might be a strong vasoconstriction compensating 
hemorrhage and wound weeping, and aggravated by exposure and 
pain. The changes thus produced in the capillaries and venules by 
the slowing of the circulation would account for the concentration of 
the blood found in experimental shock by attributing it to transu- 
dation of plasma and they account for the reduction in effective blood 
volume through stagnation in the dilated vessels. 

Although the disappearance of plasma from the circulating blood is 
of constant occurrence in shock experimentally produced, there is 
evidence that while plasma is disappearing, fluids are being added to 
the blood (4). The latter process may be regarded as an effort on the 
part of the organism to combat the diminution in blood volume.  Evi- 
dence has been obtained indicating that the ability of the organism to 
thus make good the loss in blood volume decreases as shock develops. 

It was while we were studying the blood volume in shock that we 
happened upon the observation that the concentration of the blood 
that develops during shock induction does not occur, or at least is not 
so marked, when shock is induced after the administration of a dose 
of hypertonic gum acacia. This result we were able to show is due in 
part, at least, to the osmotic pressure the hypertonic gum exerts (7). 
It was found, however, that hypertonic gum solutions attract tissue 
fluids into the circulation very slowly. Hypertonic crystalloids in- 
jected intravenously, as is well known, attract water quickly. When 
the two, the hypertonic gum and the hypertonic crystalloid, are in- 
jected to all intents and purposes, simultaneously, the gum holds the 
water the crystalloid quickly brings into the circulation. Presumably, 
the blood volume is thus increased by a process that resembles the one 
the organism itself employs in combatting a reduction in blood volume. 
Inasmuch as the reserve alkali was found to be reduced in the types 
of shock we were studying (7), it was felt that sodium bicarbonate or 
sodium carbonate might be made to act at one and the same time as 
the hypertonic crystalloid and asa supply of base. We therefore studied 
the action on animals in shock of hypertonic gum acacia and hyper- 
tonic bicarbonate, as well as other combinations of gum and crystalloid 
and found (7) that while all equivalent combinations acted on the 
arterial pressure, the blood volume and the alkali reserve approxi- 
mately alike and about as had been anticipated, many of the animals, 
nevertheless, died. 

It thus became obvious that in order to ascertain whether these or 
other similar solutions that have been proposed or may be proposed 
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for the intravenous treatment of shock are of value, it would be neces- 
sary to study their action on a standard condition, one whose course, 
if left to itself, could be predicted with a reasonable degree of certainty 
and to use as the criterion of their efficacy not their effect on the blood 
pressure, or on the blood volume, or on the alkali reserve, but actual 
recovery from the state of shock. In the present state of uncertainty 
of our knowledge with regard to the nature of shock, no other criterion 
can be convincing. It was felt that the conditions for such a study 
would be supplied best by exposing an animal to a form of trauma 
which in time brings on a shock-like failure of the circulation, and to 
so grade that injury that it would just cause death if things were 
allowed to take their course. To state this conception in another 
way, the interpretation of therapeutic tests would be entirely free of 
ambiguity if they could be made on animals on which a minimal fatal 
amount of injury had been inflicted, apal if recovery from the im- 
mediate effects of the damage were taken asthe criterion of efficacy. 
Of the various shock-producing procedures with which we were 
familiar only two seemed likely to yield to such standardization, 
namely, partial temporary occlusion of the aorta or of the inferior vena 
cava. Exposure of the abdominal viscera has been so used by Mann 
(8), but we doubt if such damage can be uniformly applied. Other 


forms of mechanically produced tissue damage are very uncertain in 
their effects or cannot be inflicted aseptically (9); massive doses of 
adrenalin do not always cause death through shock; and it is still 
very questionable whether acapnia (10) or fat embolism (11) bring on 
shock properly so-called, either clinically or experimentally. 


THE STANDARD DAMAGE 


After a few trials we decided to use as the damage partial occlusion 
of the vena cava (12). The exact procedure finally adopted as the 
result of a number of preliminary trials was as follows: Under mor- 
phine and ether anesthesia, and under strict asepsis, a clamp, adjustable 
by means of a finely threaded. screw, is placed on the inferior vena cava 
of the dog between the diaphragm and the liver, and the vein is so 
compressed as to attempt to hold the arterial pressure at 40 mm. Hg. 
for a period of 2 hours 15 minutes. The ether is discontinued after 
applying the clamp, and owing to the apathetic condition of the animal, 
it need not be administered again. 

As a rule the arterial pressure can thus be brought down to 40 mm. 
Hg. at once and held there. But sometimes the arterial pressure at 
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first does not fall to 40. In such instances, however, the pressure as 
a rule tends to fall, and usually reaches 40 mm. Hg. in the course of a 
few minutes, when the clamp can be opened and adjusted so as to hold 
the pressure at 40. Occasionally, however, the pressure falls quite 
slowly and in a few instances it has failed to reach the level of 40 mm. 
Hg., even by the end of the 2 hour and 15 minute clamping period. 
We have in several of the latter instances determined the position of 
the clamp by post-mortem examination and invariably have found 
that it was occluding the cava. Nevertheless, recognizing the danger 
of including in the series cases in which the position of the clamp may 
havé been faulty, we have once and for all excluded all instances in 
which the pressure by the end of the period had failed to fall to within 
a millimeter or two of 40. It may be added that the pressure is just 
as apt to fail to fall when the initial arterial pressure is high as when it 
is low. 

Experience has indicated that the cases in which difficulty is ex- 
perienced in lowering the pressure are rather more apt to recover from 
the effects of the caval occlusion than cases in which the pressure can 
be brought down to 40 mm. Hg. at once. Indeed, in one or two in- 
stances the former, after removal of the clamp, have recovered without 
exhibiting any of the evidences of shock. The more favorable course 
of such cases seems capable of two explanations: either a, the high 
pressure protects the heart and medullary centers from the damage 
we have reason to believe (2) is done by the long-continued low pres- 
sure of the clamping period; or b, the high pressure of the clamping 
period is the result of an unusually good collateral circulation which 
protects the posterior parts of the body, as well as the anterior, from 
the effects of the occlusion. But whatever the explanation, the fact 
remains that failure of the pressure to fall seems to favor recovery. 
Some rule must, therefore, be made that will take this fact into account. 
We feel that recovery would be favored but little, if any, where the 
period during which the clamp is tight and the pressure above 40 mm. 
Hg. does not exceed 30 minutes. This arbitrary decision is applied in 
the statistical treatment of the experiments; it will be seen that the 
exclusion of such of these cases as recover does not materially alter 
the results. 

When the clamp is removed the arterial pressure rises with a bound, 
sinks again almost at once, usually to somewhere between 50 to 75 
mm. Hg., and then mounts slowly. Experience has shown that the 
animal will die if now the pressure begins to fall consistently, even 
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though slowly, before 2 hours have elapsed.2. This outcome we have 
not succeeded in preventing by any of the forms of treatment we have 
employed. We therefore exclude from the series those cases in which 
the pressure begins to fall consistently before 2 hours have elapsed, 
and treatment is not begun until this two hour period of observation 
has passed. 

One case (no. 215, table 7) has not been accepted although, strictly 
speaking, it is not excluded by this rule. The pressure in this case did 
not fall during, though it began tofall immediately after, the conclusion 
of the observation period and before treatment was begun. This has 
not occurred in any other case. Furthermore, the pressure at its 
highest did not get above 64 mm. Hg., a level which is 6 mm. below 
the lowest maximum observed in the whole series of 168 cases. 

If the animal does not die within 48 hours, timed from the beginning 
of the clamping period, as a consequence of the damage done through 
clamping the cava, very marked improvement almost invariably is 
apparent particularly as regards the state of apathy. 

In eight instances, however, animals that had shown this improve- 
ment were found dead unexpectedly, seven at the close, the eighth at 
the beginning, of the third day. Such animals, obviously, had _ re- 
covered from the immediate effects of the injury, but died of other 


causes. They are, therefore, included in the category of those that 
recovered from shock. Our reasons for thus treating these cases will 
be discussed later. 

A number of animals have become unavailable on account of certain 
accidents. Thus, animals that have died within 2 days and in which, 
at autopsy, extensive abdominal hemorrhage was found, must be 
discarded, for here the animal has had to contend not alone with the 


? There has been but one exception to this rule, and that exception was not 
a clean-cut one. In the case of dog 208 (see table 3) after removing the clamp 
the pressure rose from the minimum of 55 mm. Hg. to a maximum of 97 mm. Hg. 
in the course of 27 minutes, but during the next 30 minutes it fell gradually to 
80. Toward the close of the 2-hour observation period it began to rise, reaching 
90 mm. Hg. 2 hours 10 minutes after removingthe clamp. The animal’s pressure, 
followed 2 hours longer, continued to rise, eventually reaching 95 mm. Hg 
This animal recovered. It can scarcely be said that in this case the pressure 
began to fall consistently before the close of the 2-hour period; or as a matter of 
fact it eventually began to rise. It should be added that this was also a cardia: 
case (see below) and in the effort to carry the animal through the clamping period 
of 2 hours 17 minutes, it twice was necessary to partially open the clamp, once 
for a period of 8 minutes and once for a period of 2 minutes. 
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effects of the temporary anemia of the clamping period, but also with 
the effects of the hemorrhage. In most instances this hemorrhage 
was unavoidable and usually due to tearing of the liver through 
tension exerted by the clamp on an unusually broad suspensory ligament. 

Cases exhibiting slight abdominal hemorrhage at autopsy have been 
included in the series. The decision as to whether a case that is on the 
border line is to be included in, or excluded from, the series must of 
necessity be arbitrary. We have therefore presented the results 
obtained after excluding every case showing abdominal hemorrhage of 
any degree whatever. It will be seen that this way of viewing the 
data affects them quite distinctly. Abdominal hemorrhage, it might 
be added, has been no more frequent in treated than in untreated 
animals. This fact is mentioned in order to allay any suspicion that 
the hemorrhage might be a consequence of treatment. We add, also, 
that we have observed no evidence of a tendency to bleed other than 
that attributable to the rise in pressure produced by the injection. 

The control series, that is, the series of animals used for the purpose 
of determining the mortality rate from the standard damage, includes 
23 “acceptable” cases. The acceptable group, to repeat, is made up 
by excluding cases in which the arterial pressure began to fall before 
the 2 hours had elapsed after removing the clamp, or in which at 
autopsy considerable abdominal hemorrhage was found. It is seen 
(table 1) that 52 per cent of the animals recovered. This method of 
doing damage, therefore, does not meet one of the conditions required 
of the ideal test; the damage inflicted does not just kill all the animals. 
We were unable, however, to come any closer to the ideal. When the 
clamping period was prolonged beyond 2 hours 15 minutes or when the 
arterial pressure was held below 40 mm. Hg., so as to get every un- 
treated animal to die subsequently, treatment was absolutely without 
avail. The method adopted of preparing animals for treatment is 
not, therefore, as satisfactory as we had hoped to evolve, but though 
the method is not ideal, we felt convinced that by using a sufficiently 
large number of animals and by basing conclusions only on decided 
results, it would suffice our purposes. On the other hand the method 
has the advantage of indicating, through variations in the death rate, 
deleterious action as well as beneficial action. 

Analysis of the control series, as well as of the pre-treatment stage 
of the several treated series, indicated the possibility of using in the 
interpretation of the results of treatment other data than those 
furnished by the number of deaths. Thus, it is seen that the span of 
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life in the fatal cases varies. It is obvious that if any particular form 

of treatment were injurious, its deleterious action might manifest 

itself not. alone in an increase in the number of deaths but also in a 

shortening of the duration of the anti-mortal stage. As there were 

long periods during the night when the animals were not under ob- 

servation, and as most of the animals, especially those dying within 
TABLE 1 


Summary of mortality statistics 


EXCLUDING 
| cases 30’ + 
ABOVE 40 mM. 

Hg. THAT 


DEATHS | EXCLUDING 

WITHIN | FATAL 
24 | CARDIAC 

| HOURS | CASES 


AFTER EXCLUDING 
SLIGHT 
HEMORRHAGE 


| Deaths 
within 
hours 


Deaths 
within | 
| 48 hours | 


TREATMENT 


TOTAL NUMBER OF ANIMALS 
After excluding 


ACCEPTABLE CASES 
slight hemorrhage} 


| Number | 


Number 
= 2 | Number 


~ 


Controls.... 


6 in 2 per cent gum- | 
bicarbonate 
25 and 5 per cent 
gum-bicarbonate.. 9 | 56) 2 | 1 8 | 6 
| | | { | 


25 and 18 per cent 
| | 


gum-glucose 3) | 45) 4 | 16 5 (31.3) 1 


25 in 18 per cent 
gum-glucose......| 33) 21) 5 | : | or| or | 3°) 0 | 2 | 20) 16 
| 1 5.9 


large amount of bloody exudate and the liver was the seat of a chronic process. 


24 hours, succumbed during the night, we find it impossible in most 
instances to give the duration of life in hours. It is, however, possible 
to accurately divide the fatal cases into those that die within 24 hours 
and those that die within 48 hours, and this we have done. 

The arterial pressure also furnishes information of value in the 
analysis of the results obtained. Tables 2 and 3 show that in the 
control series the average initial arterial pressure is very much higher 


| LIVED 
| Deaths 
within 
48 hours 
$| = 
Simei 
1 | 17 |8 | 9 | 10| m | 13 | 14 | 15 | 26 | 27 
| | | 
| 40) 23/1 19} 7 |36.9) 4 | | 22/10 | 45) 18/11 61.2 
16) 56.3 
19} 8 | 42) or) 9 | or 
17 53.0 
15} 8 | 53) 13] 9 69.3 
18} 7 | 39] 19) 9 |47.4 
* One of these cases had no abdominal hemorrhage, but the pleura contained a 
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in the case of the animals that died (109.8 mm. Hg.) than in the case 
of those that lived (89.4 mm. Hg.). Excepting one group, this is true 
also of the groups of animals that were subsequently treated. This 
observation can mean but one thing, namely, that a high initial pres- 
sure prejudices the animal’s chances of recovery from the effects of 
holding its pressure down to 40 mm. Hg. for a fixed pericd. To what 
this may be due is a question we need not attempt to answer here. 


TABLE 2 


Summary of average pressures 


| DIED | RECOVERED OF SHOCK 


* | Number of cases 
treatment 
treatment 


reading 
Initial pressure 


| Pressure after 2 
Initial pressure 
Pressure after 2 
Pressure before 
Pressure last 
Number of cases 
Pressure after 2 
Pressure last 

reading 


~ 
~ 


Controls.... 

6 in 2 per cent 
gum-bicar- 
bonate 101.9 

25 and 5 per 
cent gum-bi- 
carbonate.... 

25 and 18 per 
cent gum- 
glucose 5. 3 .4/112.6 

25 in 18 per 

cent gum- | 

glucose...... ‘ 118.0 |16/104.2/106.0 


| 
Averages. ... .|100.6)103 (114.3* 96 .1/106.3 


* Controls not included. 


The important point is that on the average the animal with the high 
initial arterial pressure evidently is handicapped. 

On the other hand it is seen, and for this purpose again all of the 
groups are available, that by the end of the 2-hour period of observa- 
tion the arterial pressure of the cases that live, on the average, reaches 
a level considerably above the initial, whereas the average arterial 
pressure of the cases that die usually falls short of reaching the initial 
level. Presumably, therefore, speaking generally, a high post-decom- 
pression pressure favors recovery from the effects of clamping. 
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Cardiac cases. A certain number of animals die of, or are threatened 
by, cardiac failure during the period of occlusion. We have not had 
an opportunity to study this condition carefully. It comes on as a 
rule during the first hour of the clamping period. Its imminence is 
indicated by an irregularity in the force and rhythm of the pulse as 
registered by the arterial manometer. If, when this is noted, the clamp 
on the cava is cautiously opened and the heart massaged through the 
thorax, the pulse in the course of a few minutes may become perfectly 
regular again. Once the heart has thus recovered, the arterial pressure 
often can again be held down by the clamp for the rest of the clamping 
period and the heart, as a rule, will not again become irregular. But 
quite as often opening the clamp and allowing the pressure to rise at 
the time cardiac failure becomes imminent does not help matters. 
Sometimes, indeed, it seems to do harm: the irregularity increases, the 
pressure falls and the heart stops. 

The further course of the cases showing these cardiac disturbances, 
but which, through temporary opening of the clamp, can be carried to 
the period of observation, seems to indicate, however, either that the 
damage that led to the cardiac disturbance was not altogether tran- 
sient, or that the effect upon the heart is a measure of the damage the 
occlusion of the cava has inflicted on the body generally. If we include 
in this analysis only those cases in which it was possible to carry out 
the clamping stage as usual, with the exception of the few minutes 
during which it was necessary to open the clamp in order to save the 
heart, and exclude the cases of marked abdominal hemorrhage, the whole 
series contains 22 cardiac cases. In 10 or 11 of these cases the arterial 
pressure after removing the clamp began to fall before the 2-hour period 
of observation had elapsed. In accordance with the rule, all of these 
died excepting the one of this character previously referred to. Twelve 
of the cases belong, therefore, to the series from which we deduce the 
results of applying measured damage. Six of these died within 48 
hours despite the fact that their clamping period is usually somewhat 
curtailed by the period during which the heart is being given a chance 
to recover. 

That the cardiac cases are somewhat handicapped is indicated also 
by the behavior of the arterial pressure during the observation period. 
While the average arterial pressure of all of the cases that died of clamp- 
ing the cava was 100.1 mm. Hg. at the close of the 2-hour period, of 
all that recovered, 106.3 mm. Hg., the average of the 6 cardiac cases 
that died was 85.2, of the 6 that recovered, 100.7. This last group 
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includes one case (see table 6) whose arterial pressure rose to 135 mm 
Hg., the highest pressure reached after 2 hours in the whole series of 
219 animals. If we exclude this exceptional case, the average pres- 
sure of the cardiac cases that recovered becomes 93.8 mm. Hg. These 
cases, therefore, have to contend with a circulation that is inferior to 
that of the general run to a degree that is indicated by a lower arterial 
pressure amounting to from 12 to 15 mm. Hg. 

It seems only fair that these facts should be taken into account in 
considering the effects of treatment. With this end in view, we have 
included in the statistics the figures obtained after excluding the 
cardiac cases that died. It will be seen, however, that the general 
relation of the several groups to each other is not materially altered 
by this method of presenting the results. 


THEORY OF THE TREATMENTS 


The object we hadin mind when this investigation was begun was 
to determine the relative efficacy of solutions containing gum acacia 
and a crystalloid in the prevention of death due to trauma. The 
number of solutions that might have been studied in such an investi- 
gation was almost limitless. Inasmuch as there were reasons for 
reaching ‘an early decision, and inasmuch as it was realized that 
large numbers of animals would be required to satisfactorily test each 
solution, it was necessary to reduce the number tested to the smallest 
that might suffice to indicate the advantages and disadvantages of the 
different types of combinations. 

At the time, a solution containing bicarbonate as the crystalloid had 
been recommended for use at the front by the English Committee on 
Shock and Allied States (13). By starting the tests with this first 
Bayliss solution, therefore, we felt it would be possible at one and the 
same time to test the claims made for this solution and to determine 


the efficacy not alone of a solution practically isotonic as regards both 


colloid and crystalloid but also one containing an alkali which also was 
being recommended for use in the treatment of shock (14). The 
results obtained with such a solution could then be compared with 
the results obtained with a hypertonic solution of the same ingredients. 
For reasons that will become evident, solutions containing glucose 
instead of bicarbonate were also tested. 

1. Gum acacia, 6 per cent, in NaHCO ;, 2 per cent. This solution 
was made up about as described in the private report of the Special 
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Committee on Shock and Allied Conditions of November 9, 1917. 
Enough sodium bicarbonate to make a 2 per cent solution was added 
to a 6 per cent solution of gum acacia in water. The solution was 
heated and the precipitated CaCO, centrifuged off. The solution 
was then heated again, and if another precipitate formed, this again 
was removed, this process continuing until heating the mixture suf- 
ficiently long to sterilize it no longer gave rise to a precipitate. 

The only essential divergence from the method of preparation 
recommended by the English Committee consisted in not conducting 
the heating of the solution in a sealed vessel. Our method of prepa- 
ration probably converted most of the bicarbonate into carbonate. In 
this respect, however, the difference between the two methods is only 
relative. For even admitting that in the process of preparation as 
recommended by the English Committee the bicarbonate is dissociated 
only to the extent that occurs ordinarily at room temperature and in 
atmospheric air, only a certain proportion of it would be present as 
such (15), and the dissociation would tend to go further at the time 
the solution, heated for injection, is exposed to atmospheric air. This 
change in the bicarbonate can not be avoided by sterilizing the dry 
substance by dry heat, for unless this is done in the presence of CO, 
under tension, the bicarbonate at the sterilizing temperature also would 
be converted into carbonate practically completely (15). As a matter 
of fact, unless solutions containing bicarbonate are kept exposed to 
CO, at a relatively high tension at the time they are being injected 
more or less carbonate will always be present. 

In order to understand the action of this solution on the blood 
volume and on the alkali reserve, it is necessary to know approximately 
the salt concentration remaining in solution after precipitating the lime 
and after boiling. The amount of calcium contained in gum acacia 
seems to vary within very wide limits. If we take the figure given 
by Bayliss, namely, 2.23 per cent (16), the minimum amount of 
NaHCO; left in the 2 per cent solution after adding it to the 6 per cent 
solution of gum acacia would make a 1.9 per cent solution. If boiling 
converts all of the bicarbonate into carbonate, the minimum salt con- 
centration would be 1.5 per cent NasCO;. The freezing point of the 
solution, if the conversion into carbonate were complete, would be 
about —0.6°C. or —0.77°C. for the unconverted bicarbonate; in other 
words the freezing point of the solution as injected would probably be 
somewhat lower than that of the blood plasma (—0.56°C.). When 


these experiments were done, we were of the opinion that this first 
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Bayliss solution was isotonic with respect to the blood colloids. We 
now know that it is slightly hypertonic in this respect also. But the 
differences from isotonicity are probably not so large as to be of any 
particular significance (7). 

The dose of the solution used in these experiments, 12 cc. per kilo 
of body weight, is somewhat larger than that (500 cc.) recommended 
by the English Committee for use in man, which for a 60 kilo man is 
8.3 cc. per kilo. The report does not specify the rate at which this 
dose is to be administered. We used the larger dose because it was 
about the amount needed to restore the blood of a shocked animal to 
its normal concentration (7), to say nothing of the amount needed to 
make good the stagnated blood. The larger dose was used also in 
order that the alkali would come closer to the amount needed to combat 
the average acidosis that develops in experimental shock. But even 
in the larger dosage the alkali, presumably, was not nearly sufficient 
for this purpose (7). The time taken to administer our dose averaged 
29 minutes. 

2. Gum acacia, 25 per cent, and sodium bicarbonate, 5 per cent. The 
solutions for this treatment were made up and administered in several 
ways. At first enough NaHCO; to make a 5 per cent solution was dis- 
solved in the 25 per cent gum, the solution heated and the precipitate 
centrifuged off. The gum, however, turned deep brown in color, 
especially during sterilization, and while we had no evidence that the 
colored gum was harmful, it was deemed best not to use it. The 
next method consisted in adding a very slight excess of the bicarbonate 
to the gum solution, applying heat and then centrifuging off the pre- 
cipitated CaCO;. The solution was then neutralized carefully with 
HCl and sterilized in sealed centrifuge tubes. If, during sterilization, 
a new precipitate formed this was thrown down in the centrifuge. 
This solution of sodium acacia was decanted into a sterile burette as 
needed and the bicarbonate, dry sterilized, added in sufficient amount 
to make a 5 per cent solution of bicarbonate. In by far the largest 
number of experiments, 5 ec. per kilo of the sterile, neutralized sodium 
acacia, made as described above, were first given and immediately 
followed by a solution made by adding dry-sterilized bicarbonate to 
sterile water in sufficient amount to make a 5 per cent solution of 
NaHCQO;. From time to time the proportions and the dosage were 
varied (see table 5) but never by enough to materially alter the con- 
ditions as here described. The administration of the acacia solution 
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occupied about a half-hour, of the carbonate solution about 23 minutes. 
The rate of injection of the solution, calculated as bicarbonate, was 
therefore 0.65 gram per kilo and hour. The rate recommended by 
the English Committee (17) was about 0.95 gram per kilo and hour 
in the form of a 4 per cent solution of bicarbonate made up, presumably 
as we have made our solution. 

The dosage we employed was based upon the view (16) that 7 pet 
cent gum acacia was isotonic with respect to the colloids of the blood 
and that, therefore, the water the colloid theoretically could hold 
would be about the amount needed to restore the blood volume of 
shocked animals to normal. Newer estimations of the osmotic pres- 
sure of gum acacia (4), (7) indicate, however, that the figure used by 
us was somewhat too low. The bicarbonate was added in sufficient 
amount to draw into the circulation approximately the amount of 
water the gum on the basis of the available osmotic data was capable 
of holding. The amount of alkali administered was greater in the 
proportion of 25 to 21 than in the dose of the solution consisting of 6 
per cent gum and 2 per cent bicarbonate. In neither case, though, 
was it present in amounts large enough to balance, by chemical means, 
at least, the acidosis usually present at the time the injection is 
begun (7). 

3. Gum acacia, 25 per cent, and glucose, 18 per cent, were given in 
two ways. In one series the 25 per cent gum acacia was given first 
and was followed immediately by the 18 per cent glucose. The care- 
fully filtered gum solution was sterilized under pressure in stoppered 
centrifuge tubes and in case a turbidity developed the solution was 
cleared in the centrifuge. In order to avoid the change in the glucose 
solution that is produced by sterilization at high temperatures, as 
indicated by the yellow color that develops, the glucose solutions at 
first were sterilized by pasteurization. Subsequent experience showed, 
however, that the autoclaved glucose is not injurious; therefore, the 
latter method of sterilization was finally adopted. The dose of each 
of the solutions was 5 ec. per kilo of body weight. The injection of 
the gum again occupied about 30 minutes. The glucose injection 
averaged about 19 minutes. The latter, therefore, was given faster 
than the tolerant rate of 5 ce. per kilo and hour. The rationale of 
this dosage was the same as that underlying the acacia-carbonate 
dosage. The acacia was in such a concentration that through its 
osmotic tension it could easily hold the water which the 18 per cent 
solution of glucose would draw into the circulation. The effect of 
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this combination upon the blood volume of shocked animals has not 
been determined. It has, however, been shown in normal animals 
that the results obtained with it are in general accord with theory (7). 

4. Gum acacia, 25 per cent, and glucose, 18 per cent, in combination. 
In the foregoing series the acacia and glucose were given in the suc- 
cession, in the dosage and at the rates described in order to make the 
conditions comparable with those obtaining in the series that received 
25 per cent gum and 5 per cent bicarbonate solutions. Thetwo latter 
substances could not conveniently be given in one solution because, 
as has been said, the gum acacia in strongly alkaline solution seemed 
to be considerably changed during sterilization. And it seemed 
advisable to give the aftercoming crystalloid as rapidly as was safe 
in order to bring rapidly into the circulation the water needed to dilute 
the gum acacia. There were reasons for suspecting, however, that the 
combined administration of acacia and crystalloid might have some 
advantages over their successive administration. For until this water 
was added, the circulation of blood would be slowed by the increase in 
its viscosity produced by the strong gum solution. By combining the 
glucose with the gum this necessity no longer existed and it then was 
possible to inject the glucose at a slower rate, one which in normal 
animals does not lead to glycosuria (18). In this series of experiments, 
therefore, the gum and the glucose were combined in one and the 
same solution. The method of making up this solution has been 
described in another place (19). It was injected at the rate of 5 ce. 
per kilo and hour; the glucose, therefore, entered the circulation at 
the subtolerant rate of 0:9 gram per kilo and hour. 

The effect of the injection of solutions 3 and 4 upon the alkali reserve 
has not been determined. According to Macleod and Hoover (20), 
alkaline glucose injections increase the amount of lactic acid in the 
blood. Acid glucose solutions, they showed, do not have this effect. 
The present solution, through the reaction of the acacia, is faintly 
acid: presumably, therefore, there would be no acid formed through 
the process described by Macleod and Hoover. 


STATISTICS 


Excluding, as has been explained, the cases in which the arterial 
pressure began to fall consistently before the close of the 2-hour period 
of observation, it is seen (tables 1, 2, 3) that of the 23 acceptable cases 
composing the control series, 11, or 48 per cent, died within 48 hours, 
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4 of these, or 17.4 per cent of the group, within 24 hours. In the 
series treated with the combination of 6 per cent gum acacia and 2 


per cent sodium bicarbonate (tables 1, 4) there are 20 acceptable cases 


of which 9, or 45 per cent, died within 48 hours, and 1 of these, or 
5.0 per cent of all the acceptable cases, within 24 hours. In the series 
receiving in succession 25 per cent gum acacia and 5 per cent sodium 
bicarbonate (tables 1, 5) there are 16 acceptable cases; 9, or 56 per 
cent, died within 48 hours; and 8 of these, or 50 per cent of all in the 
group, died within 24 hours. It was so obvious that this treatment 
was doing harm that it was not regarded as necessary to accumulate as 
many cases as we have in the other groups. The group receiving 25 per 
cent gum acacia and 18 per cent glucose in succession (tables 1 and 6) 
comprises 20 acceptable cases, 9 of which, or 45 per cent, died within 
48 hours, and of these 1, or 5.0 per cent of all the cases, within 24 
hours. And, finally, the series receiving the gum and glucose in com- 
bination (tables 1 and 7) contains 21 acceptable cases: 5 of these, or 
24 per cent, died within 48 hours, and 3 of these, or 14.3 per cent of 
the whole number, within 24 hours. 

The two most obvious results coming of this comparison of the 
several groups are a, the unfavorable showing of the series receiving 
the 25 per cent gum acacia and 5 per cent sodium bicarbonate in 
succession, as regards both total mortality and duration of life of the 
fatal cases; and b, the favorable showing of the series receiving 25 per 
cent gum in combination with 18 per cent glucose as regards total 
deaths. In the matter of one day deaths, the latter series is only 
slightly better than the control series and is not so favorable as the 
series that received the 6 per cent gum in 2 per cent bicarbonate or 25 
per cent gum and 18 per cent glucose. The number of one day deaths 
in these three series is so small, however, that a difference of one case 
in either direction would practically have eliminated all differences. 
The high 24 hour mortality of the series receiving 25 per cent gum 
and 5 per cent bicarbonate cannot, however, be accounted for in this 
way. This treatment unquestionably does harm. 

As has been said, a high arterial pressure at the end of the observa- 
tion period seems to favor recovery. The average pressures of all of 
the groups at this time (table 2) are, however, so nearly alike that it 
is not necessary to make any allowance for such effect as this factor 
may have. 

From the cases that died and are otherwise acceptable have been 
excluded, as has been explained above, the cases in which considerable 
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abdominal hemorrhage is found at autopsy. The necessity for ex- 
cluding such cases is obvious. On the other hand, as has been said, 
the decision as to whether the hemorrhage is marked or slight rests 
upon a judgment which often it is difficult to make. In order to 
take this into account we give in columns 6, 7, 8 and 9 of table 1 the 
statistics as obtained by excluding all of the fatal cases in which at 
autopsy even a small amount of bloody fluid was found in the abdo- 
men. It is seen that the relative number of hemorrhage cases in each 
group is practically the same, demonstrating again its accidental 
origin.. It follows that when they are excluded the relative mor- 
tality rate is not markedly affected (column 9); the differences already 
presented (column 5) are merely somewhat emphasized. 

In columns 10 and 11 (table 1) it is seen that with the exception of 
two groups, practically all of the deaths occurring within 24 hours 
were complicated by slight hemorrhage. The exceptions are in the 
case of the groups receiving bicarbonate and seem to emphasize from 
still another aspect the deleterious effects of alkali. Set over against 
this is the fact that all of the one day deaths occurring in the series 
receiving 25 per cent gum acacia in 18 per cent glucose were com- 
plicated by the slight hemorrhage; there are left in this group altogether 
only 1 or 2 deaths if those with slight hemorrhage are excluded. 

It has been pointed out that, in general, cases with high initial 
arterial pressures are more apt to die than cases with low initial pres- 
sures. On this basis it is seen (table 2, columns 1 and 9) that the 
group with the best initial chance, namely, those treated with 25 per 
cent gum acacia and 5 per cent sodium bicarbonate, actually is the 
one that did the worst; while the group with the worst chances in this 
respect, namely, the one receiving 25 per cent gum acacia followed 
by 18 per cent glucose, did quite as well as any; and that the treat- 
ment that gave the best results, namely, the 25 per cent gum acacia 
in 18 per cent glucose, was tried out on a group whose initial chances 
were not particularly favorable. 

The results obtained by excluding, for reasons already given, the 
cases in which the pressure failed to fall to 40 mm. Hg. within 30 
minutes after applying the clamp to the cava and lived are seen in 
columns 15, 16, 17 of table 1. These exclusions cause no important 
changes in the relative positions of the several groups. The treatment 
consisting of 25 per cent gum acacia and 5 per cent sodium bicarbonate 
still gives the worst result; that consisting of 25 per cent gum acacia 
in 18 per cent glucose the best. The group receiving 6 per cent gum 
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acacia in 2 per cent sodium bicarbonate gains a little, that receiving 25 
per cent gum acacia followed by 18 per cent glucose, somewhat more, 
on the control group. 

Finally, we take into consideration the handicap of the cases in 
which the heart during the clamping period threatened to fail, by 
calculating the results after excluding those of these cases that die. 
Columns 12, 13, 14 (table 1) show that this precaution also changes 
the results but little. Its main effect is to improve slightly the results 
of the administration of the solutions containing glucose. 

It has already been stated that the series of acceptable cases includes 
some 12 so-called heart cases, and that of these 6 recovered of shock. 
It is interesting to add here that of the 6 that recovered, 5 were in the 
series that were treated with glucose, namely, 2 in the group receiving 
acacia and glucose in succession, and 3 in the group receiving the 
solutions simultaneously. One was in the control group. While the 
number of cardiac cases is not sufficiently large to permit of any 
definite conclusion, it certainly is suggestive that with but one ex- 
ception, all of the cardiac cases that recovered of shock had received 
intravenously a substance, glucose, which is known to affect favorably 
the contraction of heart muscle. 

Thus far we have confined ourselves to the action of the solutions 
on the state that develops, to all intents and purposes, immediately after 
unclamping the vena cava, that is, on shock. It has already been 
stated that 8 of the animals that had shown marked improvement 
from this first state died rather unexpectedly, for the most part, toward 
the end of the third day. The possible significance of such deaths did 
not at first occur to us and as a consequence we have autopsy notes 
on only four of the cases. These four presented signs of peritonitis 
ranging from a fibrinous deposit on the peritoneum to a sanguino- 
purulent exudate. The fatal issue in these instances, therefore, can 
be attributed neither to shock nor to a late deleterious action of the 
injected solutions. The other four cases not autopsied were scattered 
among three of the groups. In view of the relatively small numbet 
of these cases—4 out of the 100 that were acceptable—and in view of 
the regular presence of peritonitis in the four cases that came to 
autopsy, and in view, furthermore, of the many other possible causes 
of death, even if peritonitis were excluded, it certainly seems unneces- 
sary to attribute these deaths to a delayed action of the injected 
solutions. It might be added that the incidence of peritonitis was not 


high when it is taken into account that the peritoneum was open for 
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2} hours at a time when its resistance, owing to the slowing of the 
circulation, must have been quite low, and that there was the possi- 
bility of infection through the walls of the gastro-intestinal tract 
damaged by the long-lasting ischemia. 


DISCUSSION 


The foregoing analysis shows that no matter how the statistics are 
viewed, the relative efficacy of the solutions tried is — 25 per cent 
calcium acacia in 18 per cent glucose > 25 per cent gum acacia fol- 
lowed by 18 per cent glucose = or > 6 per cent sodium acacia in 2 
per cent sodium bicarbonate = or > untreated controls > 25 per cent 
sodium acacia followed by 5 per cent sodium bicarbonate. 

In attempting to account for these results it should first be recalled 
that in shocked animals all of the solutions that have been tested are 
capable of restoring the blood volume and the blood pressure and of 
maintaining these to practically the same degree under similar circum- 
stances. Considering the end in view it certainly seems justifiable to 
assume that these responses are desirable. The fact, therefore, that 
some of the solutions, 6 per cent gum acacia in2 per cent sodium bicar- 
bonate and 25 per cent gum acacia followed by 18 per cent glucose, 
for example, effect but little, if any, reduction in the death rate of 
traumatized animals, may mean that these solutions are not entirely 
innocuous and that the harm they do just balances the good that 
results from the improvement they effect in the circulation. There 
can, of course, be no doubt but that the treatment in which the 25 
per cent sodium acacia is followed by 5 per cent sodium bicarbonate 
is harmful. Is it possible to ascertain from the limited data available 
wherein this harmfulness consists? 

Gum acacia in 6 percent solution we believe is wholly innocuous. This 
is proved by our own experience. Even a 25 per cent solution of gum 
acacia in the dosage which we have used is quite innocuous to normal 
animals. When such a solution is given rapidly to dogs until the blood 
plasma becomes a 10 per cent solution of gum acacia no obvious 
symptoms develop (22). Czerny (23) found the maximal non-lethal 
dose for cats and rabbits to be 4.66 grams per kilo. This is almost 
four times the amount contained in the dose we give in shock and in the 
concentration (24 per cent) used by Czerny, would convert the plasma of 
these animals into an 8 per cent solution of gum. And Czerny did not 


even use aseptic precautions. The innocuousness of the hypertonic 
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solution is illustrated also by the biological tests we have been making 
of the solution consisting of 25 per cent gum in 18 per cent glucose 
made up for the treatment of shock in man (19). Each batch of this 
solution is tested by injecting in the course of a half-hour 10.0 ce. per 
kilo into an animal:previously bled to the extent of more than 3 per 
cent of its body weight. In none of the animals so treated has there 
been the slightest evidence of harm. 

There is no question, though, but that concentrated gum in the 
dosages we have employed may do harm if it is injected rapidly into 
an animal about to die of shock. Under these circumstances, in our 
experience, the heart occasionally has stopped as though it had fibril- 
ated. Presumably, this is the result of the slowing of the circulation 
that comes of the high viscosity of the injected gum solution. At any 
rate this harmful action cannot be attributed to the osmotic properties 
of the gum, for nothing of the kind is seen when the gum in equally 
hypertonic solution is injected more slowly, not even when it is in 
combination with hypertonic glucose. Nor can it be due to any 
chemical action of the gum, for inasmuch as the injected gum remains 
for some time in circulation, there is finally just as much of it in circu- 
lation when it is injected slowly as when it is injected rapidly; yet, 
under the former circumstances stoppage of the heart does not occur. 
To be sure, calcium acacia has been used almost exclusively in these 
tests; but as regards osmotic (4) and viscosity (16) factors, as these 
affect the blood, the sodium and ealcium acacias are presumably 
practically alike. In the course of our experiments we have given large 
doses of both of these acacias and have not been able to satisfy our- 
selves that there is any difference in their action. Furthermore, if 
sodium acacia acts deleteriously through chemical means, the results 
obtained from the injection of the sodim acacia in combination with 
isotonic bicarbonate should have been almost as bad as the results 
of the injection of the 25 per cent solution followed by the hypertonic 
carbonate, for the amount of gum given with the former (0.72 gm. 
per kilo) is not very much smaller than the amount given with the 
latter (1.25 gm. per kilo). The difference in the results following the 


injection of these two solutions, though, is quite striking. 

The result of this analysis, as far as it has gone, is to indicate, 
therefore, that it is neither the sodium acacia per se that does the harm 
nor its hypertonicity, but rather the alkali that is injected with or afte 


it, to a certain extent also the high viscosity of the more concentrated 
gum solution that lasts until it is diluted by its own osmotic action 


144 JOSEPH ERLANGER AND HERBERT 8S. GASSER 


and by that of the crystalloid subsequently injected. It is not neces- 
sary to conclude at this juncture, however, that the bicarbonate is 
injurious by virtue of its alkalinity. It may be that salinecrystal- 
loids are undesirable in the treatment of shock, possibly because they 
accumulate and disturb the salt balance of the body. 

It was considerations of this character that led us, when it was 
found that the gum in combination with bicarbonate is without value 
in the treatment of shock, to try out glucose as the crystalloid, es- 
pecially in view of the indications obtained by one of us in collaboration 
with Woodyatt (24) that it ameliorates the symptoms of experimental 
shock better than do salines. 

The series of experiments in which the glucose replaced the bicar- 
bonate but comparable in every other respect save the nature of the 
gum, clearly demonstrated the superiority of the glucose as a means 
of drawing the water to the gum. Yet this succession of gum and 
glucose was without any marked effect upon the death rate due to the 
measured trauma. The next step was to eliminate the period of 
increased viscosity of the blood by injecting the gum and the crystal- 
loid simultaneously. It was by this method that the maximum saving 
of life was effected. 

It is conceivable that this beneficial action is due not alone to the 
osmotic action of the glucose but also to some specific action it may 
exert. With regard to the relative merits of salt and glucose as a 
means of bringing water into the circulation, it may first be pointed 
out that there is relatively little reason, other than osmotic, for ad- 
ministering salts in shock, for there is, so far as is known, no salt deficit 
in that state. Neither is there any lack of glucose (14). But glucose 
has the advantage over most other crystalloids that might be used 
for this purpose, that through oxidation and polymerization, the 
organism can quickly put it out of the way after it has accomplished 
the purpose of bringing water to the gum acacia. However this may 
be, there is abundant evidence in the literature indicating that glucose 
of itself acts beneficially in clinical shock and allied conditions. Wood- 
yatt, with Sansum and Wilder, obtained favorable results from sus- 
tained injection of glucose in hypertonic solution in two cases having 
features of shock (24). Hypertonic glucose has been found to be of 
benefit in pneumonia (25) and in a number of other conditions. 

Thefe are a number of ways in which glucose might prove of 
functional value to the traumatized organism. The fact that in shock 


there is no deficiency of blood sugar does not necessarily mean that 
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in this respect the administration of glucose would prove futile. The 
beneficial results said to come of feeding sugar to soldiers on the march 
(26), for instance, can not be attributed to any deficiency of glucose 
in the blood (27). Whatever the mechanism of the relief from fatigue 
may be, it seems likely that the same or a similar mechanism might 
work to relieve shock when glucose is administered. It is well known 
that glucose in excess of the normal blood content is oxidized in the 
tissues (28), and that it is used as a food when it is introduced into 
the system parenterally (29). Glucose also improves and sustains the 
beat of the perfused heart (30), (31), as well as the contractions of 
other types of muscle (32), (33). In this connection it is of interest 
to recall that of the six cardiac cases that recovered of shock, five were 
in the groups that received glucose. 

Over and above all of the considerations that have thus far been 
discussed, there was another which held out hopes that hypertonic 
solutions might prove of value in the treatment of shock. Eyster and 
Wilde (34) have found that certain crystalloids in hypertonic solution, 
glucose among others, cause an immediate increase in cardiac output 
and a vasodilatation. These actions apparently are independent of 
the resultant hydremia; indeed, they seem to be specific. But what- 
ever may be the cause, it is obvious that these are exactly the responses 
best calculated to improve the circulation in shock. 

It will be noted that we have not tested the efficacy of blood in the 
treatment of shock. One reason for not doing so was the number of 
animals that would have been required, while another was the fact 
that our animals were not suffering from any loss of blood. When, 
as in pure shock, there is no actual loss of blood, but rather a con- 
centration of the blood and a crowding of the small veins and capil- 
laries with corpuscles, the introduction of more blood, unless it promptly 
betters the condition, would seem to be contra-indicated. At least this 
is the inference one is led to draw from the effects of the injection of 
blood into normal animals. Starling points out (35) that under these 
circumstances the blood fluids do not remain long in the vessels but 


pass into the lymphatics, leaving behind the corpuscles and a certain 
proportion of the proteins of the plasma. This concentration of the 
blood raises its viscosity and tends to embarrass the circulation; there 
is produced a state of affairs similar to the one we are trying to combat 
in shock. For this reason it is conceivable that blood plasma may 


have some advantages over whole blood in the treatment of non- 
hemorrhagic shock. Furthermore, the injection of blood even in suit- 
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able cases is by no means entirely free of danger (36). It is, there- 
fore, of interest to recall in this connection that blood transfusion is 
not essential to recovery even from the severest acute hemorrhage, if 
only the blood bulk can be restored in other ways (37). The present 
investigation possibly indicates that a restoration of blood volume in 
which the tissues are made to participate through osmotic action is 
more efficacious than one effected through the injection of the full 
amount.of fluid needed to make good the reduction. 

Results in man. After we had convinced ourselves through the 
animal experiments described in this paper that hypertonic gum and 
glucose are not alone innocuous if given slowly, but actually save a 
certain number of animals from death by trauma, we began the use 
of this solution in the treatment of shock in man. The results 
obtained in eleven cases have been recently described in another 
place (19). It need only be stated here that they fully confirm the 
conclusions reached in this paper. 


SUMMARY 


Of animals traumatized by holding the arterial pressure down to 
40 mm. Hg. for 2 hours and 15 minutes by partially occluding the 
inferior vena cava 48 per cent die within 48 hours. 

When treated with: 

a. 6 per cent gum in 2 per cent 

sodium bicarbonate 12 cc. per 
kilo of body weight 45 per cent die within 48 hours. 

. 25 per cent gum followed by 5 

per cent sodium bicarbonate, 

of each 5 ce. per kilo of body 
weight 56 per cent die within 48 hours. 

25 per cent gum followed by 18 

per cent glucose, of each 5 ce. 
per kilo of body weight 45 per cent die within 48 hours. 

25 per cent gum in 18 per cent 

glucose, 5 ec. per kilo of body 
weight and hour 24 per cent die within 48 hours. 

Not only is the death rate increased by treatment b, but death occurs 
earliep. 

These results are taken to indicate that bicarbonate and the high 
viscosity of a strong gum solution are somewhat harmful, at least, in 
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traumatized animals; that the harmfulness of the strong, viscid gum 
can be avoided in part through the osmotic action of hypertonic glu- 
cose subsequently injected, but not by bicarbonate; and that when 
the hypertonic gum and the hypertonic glucose are given simultane- 
ously and slowly so as to avoid altogether the period during which 
the high viscosity of the gum is hampering the circulation, a maximum 
saving of life can be effected. The beneficial results presumably are 
due to the internal tranfusion (38) effected by the hypertonic solutions, 
to the maintenance of the increased blood volume through the colloidal 
and possibly other properties of the gum acacia, to the action of the 
hypertonic solution on the heart and blood vessels, and to the specific 
action of glucose on nutrition in general and on that of the heart muscle 
in particular. 
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The injuries that lead to shock in man almost always are accom- 
panied by more or less hemorrhage. When the hemorrhage is so large 
as to be dangerous of itself the patient suffers not alone from the im- 
mediate and direct consequences of the blood loss but according to pre- 
vailing opinion also runs the risk of passing in time into shock properly 
so-called, possibly, as a consequence of the action of the slowed blood 
stream upon the peripheral vessels (1). 

However this may be, it soon became obvious to us after we had 
acquired some experience with clinical shock that the surgeon not 
infrequently is called upon to treat cases with the symptoms of shock 
in which the extent of hemorrhage is unknown, or in which it is known 
to be dangerous but for which blood for transfusion is not immediately 
available. And the question arose in this connection, is it justifiable 
to employ the hypertonic gum-glucose solution in such instances? 
Experience gained through the use of the isotonic gum-saline solution 
in the British Army has led Bayliss to conclude (2) that this substitute 
for blood is especially useful in those cases in which shock is compli- 
cated with a certain amount of hemorrhage. We have not the slightest 
doubt but that this is true also of the hypertonic gum-glucose solution 
(3). But the question that concerns us here is not this, but rather, is a 
hemorrhage that is so extreme as to be apt to prove rapidly fatal as 
the result of the blood loss itself, a contraindication to the use of the 
hypertonic gum-glucose solution? 


1 Reported to the Committee on Shock of the National Research Council, 
July, 1918. 
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EXPERIMENTAL 


The method employed in seeking the answer to this question has 
been to select two animals as nearly alike as possible as regards weight, 
vigor and breed, to bleed them both, under ether, to about the same 
extent in proportion to body weight, and then to give to one of each of 
the couples 5 ec. of the 25 per cent gum acacia, 18 per cent glucose 
solution per kilo of body weight in the course of an hour. The usual 
aseptic precautions were observed. It will be noted in table 1 that the 
extent of the hemorrhage was not always exactly the same in the two 
animals of a couple. This came about because of differences in the 
reaction of the animals to the hemorrhage; the development of threat- 
ening symptoms, such as an exceedingly low arterial pressure or marked 
slowing of the heart rate, indicating that further hemorrhage would 
probably prove immediately fatal, sometimes forced us to desist in the 
withdrawal of blood in one or other of the two animals before the in- 
tended amount had been drawn. 

First hemorrhage. In the dog, according to Fredericq (4), a loss of 
blood amounting to 2.3 to 4.5 per cent of the body weight is dangerous, 
the loss of over 4.5 to 5.0 per cent, fatal. Our aim was to remove from 
the animal by a rapid hemorrhage an amount of blood that would just 
about prove fatal. As will be seen in table 1, the amount at first 


TABLE 1 


Showing the amount of blood drawn in per cent of body weight 


| 


GROUP 1 GROUP 2 | Group 3 
| 


| Dog 1 | Dog2 Dog 3 | Dog 4 Dog 5 | 


3.96 | 4.45 | 4.64 | 


3.19 | 3.14 | 3.13 | ‘ 


7.15 | 7.59 | 7.77 


removed ranged between 3.96 and 4.8 per cent of the body weight, yet 
not one of the animals succumbed, treated or untreated. 

In the case of group 1 (dogs 1 and 2, fig. 1, dots) more blood was 
removed from the test animal (dog 1, large dots) than from its control 
(dog 2, small dots); the fall in pressure in the case of the control was so 
profound that the hemorrhage had to be discontinued for fear of imme- 
diately killing the animal. This animal had the lower initial pressure. 
The pressure of the test animal in the course of 1 hour 30 minutes came 
back to within 10 mm. of its initial value; whereas the pressure of the 
untreated animal remained 37 mm. Hg. below its normal. 
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| 

| 
First hemorrhage 4.41 P 4.80 | 4.80 
Second hemorrhage 3.16 | 67 | 2.60 
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The initial conditions were reversed in the case of the second group 
(dogs 3 and 4, crosses). For the reasons mentioned above, it was not 
possible in this case to remove from the test animal (dog 3, large crosses) 
quite as much blood as from its control (dog 4, small crosses). The 
difference, though, was inconsiderable. The arterial -pressure of the 
test animal was affected by the hemorrhage much more profoundly 
than that of the control. The arterial pressure of the treated animal 
eventually rose to 88 mm. Hg. (the initial was 87); of the untreated 
animal to 100 mm. Hg. (the initial was 95). 
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Fig. 1. Chart showing the effects of the first hemorrhage. Dog 1 (treated) 
@; dog 2 (control) e; dog 3 (treated) X; dog 4 (control) x; dog 5 (treated) 
dog 6 (control) o. The injection period is the time included in each case be- 
tween the parentheses. 


In the case of the third couple (dogs 5 and 6, circles) the hemorrhages 
were exactly equal in amount; 4.8 per cent of the body weight was 
removed. The arterial pressure of the test animal fell lower as the 
result of the hemorrhage than that of the control. The arterial pres- 
sure of the control animal rose to within 4 mm. of the initial level, that 
of the treated animal to within 30 mm., but the pressure of the treated 
animal at the end was a bit above that of the untreated animal. 

The only conclusion these observations justify is that the injection 
of the gum-glucose solution did not prejudice the chances of recovery 
from the effects of a severe hemorrhage. Whether any of the treated 
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animals would have died had the solution not been administered can- 
not be determined. 

Second hemorrhage. Some two or three days subsequent to the 
experiments above described each couple was again bled, the amounts 
taken this time varying between 2.6 per cent and 3.2 per cent of the 
body weight (see table 1). The amount of blood removed was almost 
exactly alike in the two animals of each of the couples. The total of 
the two hemorrhages ranged between 7.15 and 7.77 per cent of the body 
weight. 

In the case of group 1 (dogs 1 and 2, fig. 2, dots) the immediate effect 
of the hemorrhage was to carry the arterial pressure down to the same 
level but the absolute drop was greater in the case of test animal. After 
treatment (dog 1, large dots) the pressure rose to 96 mm. Hg.; this 
animal recovered. The pressure of the untreated animal rose only 
to 45 mm. Hg., then fell and the animal died 1 hour 33 minutes after 
the hemorrhage. 

The animals of group 2 (dogs 3 and 4, crosses) were bled to the same 
extent (3.14 to 3.15 per cent of the body weight). Their pressures as 
a consequence did not fall very low, but they fell to about the same 
level. After the hemorrhage for about 36 minutes the pressure of the 
control animal practically maintained its level while that of the test 
animal slowly fell. Then the pressure of the control animal began to 
fall and this animal died 2 hours 20 minutes after the hemorrhage. At 
the same time under the influence of the injection the decline of the 
arterial pressure in the treated animal was converted into a rise; it 
mounted until, by the end of the injection period, it was 5 mm. Hg. 
above the initial level, but then it began to fall, though slowly, and the 
animal died 4 hours 30 minutes after the hemorrhage. 

Group 3 was bled to the extent of 2.67 per cent (treated) and 2.6 
per cent (untreated) of the body weight. The initial pressure of the 
former was somewhat lower than that of the latter and during and 
subsequent to the hemorrhage it fell the lower. Both of these animals 
survived. 


DISCUSSION 


This analysis of the experimental data shows that the animal of each 
couple that received the solution did quite as well as, or better than, 
its control. In thus stating our conclusion we do not desire to give the 
impression that we are advocating the use of hypertonic gum-glucose 
solution in the treatment of pure and immediately dangerous hemor- 
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rhage, though we do believe that when blood is not instantly avail- 
able it is safe and perhaps advisable to give the gum-glucose solution 
pending the obtaining of blood. This opinion is based not alone on 
the results of the present experiments, but also upon our clinical expe- 
rience (see cases IV, IX and X in our paper on the treatment of shock 
in man (3) ). 

Penfield (5) has compared the effect of the following solutions, a, 
0.9 per cent sodium chloride; 6, 6.0 per cent gum acacia and 2.0 per 
cent sodium bicarbonate; c, 6.0 per cent gum acacia and 6.0 per cent 
glucose,—injected into animals after so bleeding them as to hold the 
arterial pressure down to 40 mm. Hg. for periods ranging between 60 
and 89 minutes. The volume of solution injected equalled the amount 
of blood drawn and varied (as we calculate it) between 4.15 and 5.05 
per cent of the body weight. If we except three of his eleven cases, 
the amount removed and injected averaged 4.44 per cent and did not 
exceed 4.65 per cent of the body weight. So far as can be determined 
there were no untreated controls in his series. One of the three of his 
animals that received the sodium chloride solution died; the average 
hemorrhage amounted to 4.61 per cent of the body weight. The 
amount of blood withdrawn at the time of the first hemorrhage in our 
experiments averaged 4.51 per cent of the body weight and therefore 
was practically as large as in Penfield’s and not a single animal died 
whether treated or not. There is, therefore, no necessity for con- 
cluding that the isotonic solution of sodium chloride in Penfield’s 
hands accomplished any good. 

Three of the four animals into which Penfield injected his gum- 
glucose solution died; the average hemorrhage was 4.29 per cent of the 
body weight. At this place we desire to correct the statement made 
by Penfield that he used ‘“gum-glucose solution as recommended by 
Erlanger.”” Ours is hypertonic gum-glucose, not isotonic. Having 
removed this possibility of a misunderstanding, we may say that we 
are surprised not that three of the four animals treated with the weak 
gum-glucose solution died, but rather that one of them lived. For 
Penfield replaced approximately half of the blood in the body with the 
same amount of a solution which within a very few minutes, through 


oxidation and polymerization of the glucose, came to consist practically 
of a solution of 6.0 per cent gum in pure water. The effect that this 
must have had upon the tissues and the salt balance of the organism, 
unquestionably accounts for the results Penfield obtained. 
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The hypertonic gum-glucose solution, of course, is changed in the 
same way in the organism, but the dose we give, namely, 5 ec. per kilo 
' hy an hour, is so small, and it is given so slowly, that such disturbance 
in salt balance as it may cause is negligible in comparison with that 
i caused by the dose of 40 to 50 cc. per kilo employed by Penfield. 


CONCLUSIONS 


1. The use of hypertonic gum-glucose solution is not contra-indicated 
in the treatment of shock even when it is complicated by dangerous 
hemorrhage. 

2. The fact that the hypertonic gum-glucose solution does not preju- 

dice the recovery of animals from the effects of a hemorrhage that is 

apt to result fatally furnishes another proof of the innocuousness of 
this solution. 
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The enormous and rapid development of edema of the lungs which 
results from severe gassing of animals with the lung irritants used in 
warfare offers an unusual opportunity for studying the physiological 
effects accompanying this pathological condition. The rapidity with 
which the edema develops precludes the possibility of infection com- 
plicating the symptoms observed, and the condition which may 
develop after exposure to high concentrations of poisonous gas is so 
severe that the correlated symptoms can hardly be overlooked. 

Loss of water from the blood is one of the most characteristic phe- 
nomena accompanying the development of edema of the lungs in 
animals gassed with lung irritants. A concentration of the blood 
becomes evident at about the time when the edema of the lungs can 
be first demonstrated. Thereafter the loss of water from the blood 
and the increase in severity of the edema run roughly parallel. The 
conclusion was therefore made that the two are interrelated and that 
the pouring of water into the lungs is the cause of the concentration 
of the blood. 

Other considerations however make it necessary to proceed with 
caution before accepting this hypothesis. During the acute period 
after gassing there develops a deficiency of oxygen carried by the blood. 
Probably due to the poor aeration of the blood in the damaged lung 
the oxyen content of arterial and venous blood may drop to levels much 
below normal. The transport of oxygen to the tissues may be still 
further reduced by the decreased rate of blood flow with the probable 


result that the oxygenation of the tissues is seriously interfered with. 


1 Published with the permission of the American and British military 
authorities. 


157 


158 D. W. WILSON AND 8S. GOLDSCHMIDT 


Physiologists have shown that muscle tissue imbibes water when 
supplied with insufficient oxygen. Based on this observation the 
hypothesis may be presented that the concentration of the blood is 
due, not primarily to the development of lung edema, but to the 
imbibition of water from the blood by the tissues which are not suf- 
ficiently oxygenated. To throw some light on the validity of this 
hypothesis the experiments reported below were carried out. 

Goats were gassed with lethal concentrations of chlorpicrin. As 
soon as possible after gassing, half of the animals were fitted with 
masks and given oxygen continuously in known quantities by means 
of a Haldane oxygen apparatus.? The other animals were used as 
controls. 

The hemoglobin content was used as an index of the concentration 
of the blood. Hemoglobin determinations were made frequently using 
blood obtained by pricking an ear vein. Blood from the heart punc- 
tures was also used. The Haldane method was used for the hemoglobin 
determinations. 

When the concentration of the blood was sufficiently marked in the 
animals to which oxygen was being administered, heart punctures were 
made and the percentage saturation of the hemoglobin of the bloods 
from the right and left hearts was determined by means of Barcroft’s 
differential blood gas apparatus.* Some difficulty was experienced in 
obtaining blood from the hearts of animals in which the lungs were 
large and edematous but the sample was considered satisfactory when 
it was obtained quickly and with little struggling on the part of the 
animal. 

The protocols are given below as well as curves showing the con- 
centration of the blood. In the curves, the percentage varia- 
tions from the normal are plotted to make all of the curves directly 
comparable. 

The maximum concentrations observed in the control animals varied 
from 30 per cent to 60 per cent above normal (average 43 per cent) 
while in the animals receiving oxygen the variation was from 28 per 
cent to 75 per cent above normal (average 48 per cent). It is apparent 
that, on the whole, the blood of animals which received oxygen con- 


2 The Haldane oxygen apparatus furnishes oxygen to a mask fitted with valves 
for incoming and outgoing air. When the mask is worn by the animal, breathing 
is easy and the air in the mask may be enriched by varying amounts of oxygen. 

3 We are indebted to Mr. Barcroft, Captain Dunn and Captain Peters for these 
data. 
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TABLE! 


Goat 4537 Goat 4567 


9.35 a.m. Hb. 80 10.00 a.m. Hb. 60 

10.35 a.m. Gassed 10.35 a.m, Gassed 

11.00 a.m. Continuous oxygen by mask, 11.00 a.m. Continuous oxygen by 
1 liter per minute mask, 1 liter per minute 

11.40 a.m. Hb. 79 (100 per cent) 11.50 a.m. Hb. 70 (117 per cent 

2.20 p.m. Hb. 85 (106 per cent) 2.40 p.m. Hb. 84 (140 per cent 

2.45 p.m. Continuous oxygen y 2.45p.m. Continous oxygen by 
mask, 3 liters per minute mask, 3 liters per minute 

4.25 p.m. Hb. 105 (131 per cent) 3.45 p.m. Hb. 105 (175 per cent 

4.45 p.m. Heart puncture. Arterial Heart puncture. Venous blood 55 
blood 93 per cent saturated. Venous per cent saturated. Animal died 
blood 45 per cent saturated on table. L:H 8.0 

5.45 p.m. Hb. 110 (137 per cent 

5.55 p.m. Died. L:H 8.2 


Goat 4406 (CONTROL GOAT 4542 (CONTROL 


9.45 a.m. Hb. 42 9.50 a.m. Hb. 74 

10.35 a.m. Gassed 10.35 a.m. Gassed 

12.10 p.m. Hb. 48 (114 per cent 12.20 p.m. Hb. 76 (103 per cent 

2.30 p.m. Hb. 60 (143 per cent) 2.50 p.m. Hb. 88 (119 per cent 

3.00 p.m. Died. L: H 6.0 5.30 p.m. Hb. 96 (130 per cent 
Found dead next morning. L:H8.3 
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Fig. 1. Showing the concentration of the blood after gassing. Solid line: 
animals receiving extra oxygen. Arrows indicate time of heart puncture. No 
4567, venous blood 55 per cent saturated. No. 4537, arterial blood 93 per cent 
saturated; venous blood 45 per cent saturated. Dotted line: control animals 
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TABLE 2 
; Chlor picrin 1/8500 for 30 minutes (9.30 to 10.00 a.m.), A ugust 21, 1918 


GoaT 4526 
5.35 p.m. (8,19). Hb. 53 
10.00 a.m. 


5.30 p.m. 


Gassed 10.00 a.m. 


10.15 a.m. Continuous oxygen by | 12.15 p.m. 

mask, 1} liters per minute 1.45 p.m. 
12.00 m. Hb. 67 (126 per cent) 2.00 p.m. 
12.15 p.m. Continuous oxygen’ by 


ae mask, 4 liters per minute 
2.10 p.m. Hb. 70 (132 per cent) 
3.20 p.m. Hb. 73 (138 per cent) 
3.50 p.m. Hb. 76 (143 per cent). Heart 


. puncture. Arterial blood 90 per cent 

saturated. Venous blood (obtained 

; only after struggling) 20 per cent 
saturated 


Oxygen stopped 
Hb. 76 (143 per cent) 
Died. L:H 7.7 


4.15 p.m. 
5.30 p.m. 
6.05 p.m. 


GOAT 4446 (CONTROL) 


8/19). Hb. 72 
Gassed 

Hb. 96 (133 per cent) 
Hb. 118 (164 per cent) 
Died. 


animals receiving extra oxygen. 
4526, arterial blood 90 per cent saturated. 


Arrow indicates time of heart puncture. 
Dotted line: control animals. 
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Fig. 2. Showing the concentration of the blood after gassing. Solid line: 
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TABLE 3 


Chlor picrin 1/8500 for 25 minute 9.16 to 9.41 a.m.), Aug 


Goat 4577 Goat 4631 


5.50 p.m. (8/22). Hb. 60 5.45 p.m. (8/22). Hb. 58 
9.41 a.m. Gassed 941 a.m. Gassed 
9.55a.m. Continuous oxygen by 9.55 a.m. Continuous oxygen by 
mask, 3 liters per minute mask, 3 liters per minute 
10.23 a.m. Hb. 70 (117 per cent) 10.10 a.m. Hb. 54 (93 per cent 
12.12 p.m. Hb. 81 (135 per cent) 12.00 m. Hb. 58 (100 per cent 
2.35 p.m. Hb.95 (158 percent). Heart | 2.50 p.m. Hb. 61 (105 per cent 
puncture. Both samples obtained) 5.00 p.m. Hb. 67 (116 per cent 
only after struggling. Arterial blood | 5.55 p.m. Hb. 69 (119 per cent 
58 per cent saturated. Venous blood!) 6.20 p.m. Heart puncture. Arterial 
4 per cent saturated blood 95 per cent saturated. Venous 
2.40 p.m. Died on table. L: H 7.4 blood about 50 to 60 per cent 
6.20 p.m. Hb. 74 (128 per cent 
Died on table. L: H 5.7 


GoaT 4490 (CONTROL) GOAT 4457 (CONTROL) 


9.41 a.m. Gassed 941a.m. Gassed 

10.43 a.m. Hb. 85 10.54 a.m. Hb. 94 

12.30 p.m. Hb. 100 (118 per cent) 12.20 p.m. Hb. 96 (102 per cent 

2.15 p.m. Hb. 124 (146 per cent) 3.15 p.m. Hb. 106 (113 per cent) 

2.20 p.m. Died. L:H 6.7 6.30 p.m. Hb. 124 (132 per cent 
Found dead next morning. L: H7.1 


Continuous oxygen 3 liters| per min 


S 


Hemeglobin percentage (Mormat-iod 


Yours after gassing 


Fig. 3. Showing the concentration of the blood after gassing. Solid line: 
animals receiving extra oxygen. Arrows indicate time of heart puncture. No 
4577, both blood samples obtained only after struggling. No. 4631, arterial 
blood 95 per cent saturated; venous blood 50 per cent saturated. 
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centrated as rapidly and to as great an extent as that of the control 
animals. 

In order to demonstrate the efficiency of the oxygen administration, 
samples of blood were taken from both sides of the heart at suitable 
intervals and analyzed for oxygen. In most of the experiments the 
venous and arterial blood samples were obtained from the heart with- 
out difficulty and contained hemoglobin which was normally saturated 
with oxygen. With the increased concentration of the hemoglobin the 
oxygen content of the blood was even above normal. 

Occasionally the blood was obtained only after considerable struggling 
on the part of the animal so that the reduced oxygen content of such 
bloods was to be expected. These observations are reported here 
merely to make the experimental record complete, as obviously the 
low oxygen content of such bloods is without bearing on the present 
problem. 

These experiments demonstrate that, by breathing oxygen-rich 
atmospheres, oxygen may be absorbed through the damaged and 
edematous lungs in quantities sufficient to maintain a practically 
normal level of oxygen in the arterial blood. The high saturation of 
the hemoglobin of venous blood with oxygen would seem to prove 
that the blood flow is sufficiently rapid to normally oxygenate the 
tissues. Nevertheless, in spite of the normal oxygenation of the 
tissues in the animals receiving oxygen, the blood concentrated as 
rapidly and to as great an extent as in the control animals. The 
conclusion therefore seems justifiable that the lack of oxygen in the 
tissues and consequent imbibition of water is not an important factor 
in causing the concentration of the blood in animals developing edema 
after being gassed with lung irritants. 

An indication of the severity of the lung edema was obtained by 
comparing the weight of the lung to the weight of the heart at autopsy. 
The high lung to heart ratios obtained in practically all of the animals 
studied show that a severe grade of edema had already developed. 
The extent of the edema as indicated by this method was as great in 
the animals receiving oxygen as in the controls. Although the data 
are necessarily few, it is apparent that the efficient oxygenation of the 
lung tissue in the animals receiving oxygen failed to diminish the 
tendency for the development of the edema of the lungs. 

With the enormous accumulation of fluid in the edematous lungs 
and the loss of water from the blood running roughly parallel, it is a 
tempting study to estimate even in a rough way the possible water 
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interchange. An attempt has been made with data which are more 
or less incomplete and with calculations involving gross errors but the 
relations are so striking that they are presented here (table 4). In 
the table are recorded data and calculations from animals in which 
the hemoglobin was not determined immediately before death but is 
estimated from the curve obtained from the various determinations. 
These estimated values are quite similar to average values obtained 
at death on other animals. 
TABLE 4 
Comparison of calculated amounts of fluid lost from blood and extra fluid in 
lungs in gassed animals 


(3) (6) (7) (8) (9 


~ 

ow 


DEATH 

MAL LUNG 
HEMO- 
RMINA-~ 

AT DEATH 
FLUID 


UME AT 
DEATH 


AT 
NORMAL BLOOD 


= 

tm 
& 
=& 
ae 


kgm. | gram | gram gram 


WEIGHT LUNG 
WEIGHT NOR- 


GOAT NUMBER 
HEMOGLOBIN 


LAST 
BLOOD VOL- 
EXTRA 


r cent per cent cc cc. 


3602 157 | 1472) 9.4 | 377 163 | 200 | 1750, 875 
3638 | 6/1: 126 | 623) 4.9 | 302 125 140 | 1625 | 1160 
3787 | 6 ee > | 178 128 145 | 925) 638 
4098 é 195 | 1103) 5.7 | 468 114 140 | 1925 | 1375 5! 635 
4406 | 8 f 85 510) 6 | 204 143 150 850 567 28: 306 
3920 é 8 200 | 1700) 8.5 | 480 180 * | 2080 | 1155 925 | 1220 
3600 | 6/12) 25. 130 | 849) 6. 312 154 ” 1400 910 537 
4047 | 7/12) 33.6) 210 | 1556 504 130 1850 | 1420 1430 | 1052 

* Time of death not known. Calculations made using last hemoglobin de- 
terminations (column 8). 

Column 6 = column 5 + column 4. 

Column 7 = column 4 X 2.4. 

Columns 8 and 9. Values calculated using the normal as 100 per cent 

Column 9 = extrapolation to time of death. 

Column 10 = column 3 X 0.055 X 1000 (Boycott and Damant, Journ. Physiol., 
1907-8, xiv, 36). 

Column 11 = column 10 + column 9. 

Column 12 = column 10 — column 11. 

Column 13 = column 5 — column 7. 


Examining the last two columns of the table it is evident that in 
only one instance the amount of extra fluid in the lung is less than the 
calculated loss of fluid from the blood. In some instances the extra 
fluid in the lung is much greater than that lost by the blood. Little 
or no water is drunk by goats in this condition and the volume of urine 
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excreted is small, so that the external factors do not confuse the picture. 
Even with the relatively large errors of calculation involved, the 
conclusion seems justified that the loss of fluid by the blood can be 
accounted for by the excess of liquid in the edematous lung. 

The evidence suggests that the muscles, etc., do not imbibe water 
and cause the concentration of the blood. In fact it would appear 
that water may be drawn from some tissues to make up part of the 
volume of liquid in the lung. We are thus finally led back to our 
original point of view that the development of the edema of the lungs 
and the concentration of the blood are interrelated and are the im- 
portant factors in the pathological condition studied. With this fact 
established it is justifiable to conclude that the development of the 
edema of the lungs is the primary factor in the condition and that 
the development of the edema causes the concentration of the blood. 


SUMMARY 


The continuous administration of oxygen to goats gassed with 
chlorpicrin did-not inhibit the concentration of the blood. 

The percentage saturation of the hemoglobin with oxygen was normal 
even after a considerable concentration of the blood had occurred. 

The concentration of the blood is not caused by the imbibition 
of water by the tissues as the result of oxygen want. 

The loss of water from the blood is therefore due to the development 
of the edema of the lungs. 


We wish to thank Mr. J. Barcroft and the staff of the Physiological 
Laboratories of the R. E. Experimental Station, Porton, England, for 
the many kindnesses extended to us throughout the course of our 
investigations there. 
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Dahm and Steck (1) found that the ingestion of urea and of sodium 
chloride increased oxidation. This observation has been repeated and 
confirmed by Tangl (2) on curarized animals with their kidneys removed. 
Raeder (3) also found that saline injections especially if hypertonic 
increased the respiratory exchange. Loewy (4) observed that the in- 
gestion of small amounts of water (100 ce.) produced no change in 
oxygen consumption, while Speck (5) found that drinking large quan- 
tities (1250 cc.) did. According to Lusk (6) water, sodium chloride 
and urea have no effect on the respiratory exchange. Magnus-Levy 
(7) observed an increased carbon dioxide output in a man fed thyroid 
extract and an increased oxygen intake in cases of exophthalmie goiter. 
It is recognized that tetrahydro-8-naphthylamin increases oxidation in 
the body and decreases heat elimination. Grafe (8) has shown that 
the administration of ammonium carbonate, ammonium chloride and 
sodium carbonate increases oxidation. 

We (9) had found that whatever increased oxidation in the body, 
the ingestion of food, for example, produced an increase in catalase by 
stimulating the alimentary glands, particularly the liver, to an in- 
creased output of this enzyme, and that whatever decreased oxidation, 
narcotics, for example, produced a decrease in catalase by direct de- 
struction and by decreasing its output from the liver. The object of 
the present investigation was to determine if adrenalin, tetrahydro-s- 
naphthylamin, desiccated thyroid, water, sodium chloride, ammonium 
chloride, sodium carbonate, ferric chloride, sodium citrate, am- 
monium carbonate, urea, triacetin and saccharin would or would not 
produce an increase in catalase. The amounts of the substances used 
will be given in the description of the individual experiments. The 
animals used were dogs and rabbits. After etherizing these animals 
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and opening the abdominal wall, each of the substances was introduced 
into the upper part of the intestine. The catalase in 0.5 cc. of blood 
was determined before, as well as at fixed intervals after the intro- 
duction of the materials. The determinations were made by adding 
0.5 ec. of blood to hydrogen peroxide in a bottle at approximately 
22°C. and the amount of gas liberated in 10 minutes was taken as a 
measure of the catalase content of the 0.5 ec. of blood. 

In figure 1 are shown the effects of the introduction into the intes- 
tines of rabbits of urea, sodium chloride, water, triacetin and glycerine. 
The amounts of the substances used are indicated on the chart. Seventy- 
five cubic centimeters of water were used in dissolving the different 
substances. The figures along the ordinate (0 to 780) indicate amounts 
of catalase measured in cubic centimeters of oxygen and those along 
the abscissae time in minutes. 

It may be seen that 2 grams of urea, 1 gram of sodium chloride 
and 15 ce. of water per kilo produced no increase in catalase in keeping 
with Lusk’s observation that amounts of these substances as small as 
these produced no increase in oxidation, while 10 grams of urea, 10 
grams of sodium chloride and 150 ec. of water per kilo did produce 
an increase in catalase in keeping with the observations of Dahm and 
Steck, Tangl, Speck and Raeder, that large amounts of these substances 
produce an increase in oxidation. 

It may also be seen that triacetin is more effective in producing an 
increase in catalase than glycerine, this result being attributed to the 
presence of the acetic acid radicle in the glycerine molecule. 

The second part of the paper is concerned with determining the mode 
of action of the substances already mentioned as well as several other 
substances in producing an increase in catalase. The animals used were 
dogs and the method for determining catalase was the same as that 
already described. The substances were dissolved in 200 ce. of dis- 
tilled water and were introduced at body temperature into the upper 
part of the small intestine. The catalase content of 0.5 cc. of blood 
taken from the liver, portal and jugular veins was determined before 
as well as at certain fixed intervals after the introduction of the 
materials. In figures 2, 3 and 4 the continuous line curves were con- 
structed from data obtained from the blood of the liver, the discon- 
tinuous line curves from the blood of the portal, and the dotted line 
curves from that of the jugular vein. 

In figure 2 it may be seen, as we have found before, that the intro- 
duction of glycocoll produced an increase in catalase as is indicated by 
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the increase in the amount of oxygen liberated by the blood. It may 
be seen further that this increase is greater, particularly during the 
first fifteen minutes, in the blood of the liver than in the blood of the 
jugular or portal veins. 
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Fig. 1. The effect of the introduction into the intestines of rabbits of the 
substances named in the chart.on blood catalase. 


Under urea it may be seen as with glycocoll that this substance 
increases the catalase of the blood of the liver more rapidly than 
that of the portal and jugular veins. Under glycerine and triacetin 
it may be’seen that while 5 grams per kilo of glycerine produced no 
increase in catalase, a similar amount of triacetin produced an in- 
crease thus showing that triacetin is more effective in this respect than 
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glycerine. It may also be seen that 5 grams per kilo of saccharin 
produced an increase in catalase. It (10) had been found that 5 grams 
of sugar would not produce so large an increase in catalase as is here 
shown to be produced by this amount of saccharin, hence so far as 


Fig. 3. The effect of the introduction into the intestines of dogs of the sub- 
stances named in the chart on blood catalase. The continuous line curves were 
constructed from data obtained from the blood of the liver; the discontinuous 
ones from the blood of the portal and the dotted line curves from the blood of 
the jugular vein. 


catalase production is concerned saccharin is more effective than 
sugar. It would seem that in addition to being a sweetening agent 
saccharin, although not oxidized itself t6 give rise to energy, as is the 
case with sugar, serves to stimulate the alimentary glands te an in- 
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Fig. 4. The effect of the introduction into the intestines of dogs of the sub- 
stances named in the chart on blood catalase. The continuous line curves were 
constructed from data obtained from the blood of the liver; the discontinuous 
ones from the blood of the portal and the dotted line curves from the blood of 
the jugular vein. 


170 
q | 
140 } } 
135 | | } | 
4 
120 | 
120 } 120} | 
110 } | 
105 | | 
| 
As 22 1/92 30 
f &6 
85 | 86. | t 
Os | 84 180 
| 74 | 
ro | | ————-72 | 
iv” 
60 | + + + + > 58 66 
| 
| 
45 | = 46 + A6 + + + + 4 + + + 
4 > + + + + + 4 + + + + 4 + 
20+ ° + + + — + + - + + + + - + + * + 
| 
a 


CATALASE PRODUCTION 171 


creased output of catalase thus facilitating the oxidation of the other 
food materials. 

In figure 3 it may be seen that the introduction of water, sodium 
chloride, ammonium chloride, sodium carbonate, ferric chloride and 
sodium citrate into the alimentary tract of dogs produced an increase 
in the catalase of the blood and that this increase was brought about 
by stimulating the alimentary glands, particularly the liver, to an 
increased output of this enzyme. The fact that these salts produce 
an increase in catalase and hence in oxidation may in some measure 
account for the beneficial effect of certain mineral waters which contain 
these substances in conspicuous amounts. 

In figure 4 is shown the effect of adrenalin, freshly prepared and old 
thyroid and tetrahydro-8-naphthylamin on catalase production. Three 
cubic centimeters of a 1: 1000 solution of adrenalin chloride were intro- 
duced into the portal vein in dog 3 and 5 ce. in dog 2. In these two 
dogs the solutions were injected as quickly as could be conveniently 
done while in dog 1, 10 ce. of a 1: 1000 adrenalin chloride solution 
diluted to 50 ce. were injected at a rate of about 1 cc. per minute, thus 
requiring approximately 30 minutes for the injection. It may be 
seen that the adrenalin increased the catalase of the blood by stimulating 
the liver to an increased output of this enzyme. 

As a result of the work of Blum (11), Vosburgh and Richards (12), 
Dreyer (13), Oliver and Schaefer (14), Cannon and de la Paz (15) it 
is now believed that during combat the adrenals are stimulated to an 
increased output of adrenalin and that this produces a constriction of 
the small blood vessels of the abdominal viscera, thus increasing the 
blood supply to the heart, skeletal muscles and nervous system; that 
it hastens the coagulation of the blood and increases the output of 
sugar from the liver. It is evident that the result of diverting the 
blood from the abdominal viscera into the heart, skeletal muscles and 
nervous system during combat is to render conditions more favorable 
for the increased action of these organs; that the hastening of the co- 
agulation is to stop more quickly the bleeding from any superficial 
wound that may be inflicted, and that the flushing of the blood with 
sugar is to insure a plentiful supply of oxidizable material to the 
muscles. While the preceding hypothesis explains certain phases of 
adaptation of the organism for combat, it does not explain how the 
increased oxidation is brought about which gives rise to the energy 
for the fight. We had already found that the stimulation of the 
splanchnic nerves to the liver produced an increased output of catalase 
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from this organ, and had suggested that the increased oxidation during 
combat might be due to this increase in catalase. The fact that 
adrenalin stimulates the liver to an increased output of catalase sug- 
gests that this result may occur during combat when there is an 
increased output of adrenalin into the blood. 

It may be seen in the figure that the introduction into the alimentary 
tract of freshly prepared thyroid produced an increase in catalase 
while old thyroid did not. The old thyroid was a Parke-Davis prepa- 
ration which had been standing in the laboratory for four years, while 
the fresh. thyroid was material recently purchased from this same 
company. The old material was fed to cats and found to have lost 
its virtue while the new material produced the characteristic effects, 
loss of weight, ete. The amount of the thyroid introduced into the 
intestines of the dogs was 1 gram per kilo dissolved in 200 cc. of water. 

We had already found that the feeding of thyroid to cats increased 
very greatly the catalase of the blood. The experiments described in 
this paper on the introduction of thyroid into the alimentary tract of 
dogs suggest that the increase in the catalase of the blood of animals 
fed with thyroid is due to the stimulation of the liver to an increased 
output of this enzyme. Winternitz (16) found that ‘‘the removal of 
the thyroid gland caused a drop in the catalase activity of the blood 
which was compensated if thyroid were fed’? and that in hyperthy- 
reosis the catalase of the blood tends to increase while in hypothyreosis 
it assumes a lower level than normal. Becht (17), on the other hand, 
claims that thyroid feeding decreases the catalase of the blood. It 
should be mentioned also in this connection that Becht holds that 
narcotics slightly increase the catalase content of the blood, while we 
found that they produce a great decrease both in vivo and in vitro.' 

Under tetrahydro-8-naphthylamin it may be seen that the intro- 
duction into the intestine of 0.8 gram per kilo of this substance dis- 
solved in 200 ce. of water stimulated the liver very greatly to an in- 
creased output of catalase which is offered in explanation of the 
increased oxidation produced by this substance. 


' Owing to our proximity it has been suggested and even urged that Doctor 
Becht and myself carry out some joint experiments in an attempt to clear up 
the differences in our results. Iam sorry to say that Doctor Becht seems to be 
unwilling te carry out such experiments. 
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SUMMARY 


The introduction into the alimentary tract of relatively small amounts 
of water (15 ec.), of sodium chloride (1 gm.), and of urea (2 gms. 
per kilo, produces no increase in catalase in keeping with Lusk’s ob- 
servation that small amounts of these substances produce no increase 
in oxidation, while the introduction of large amounts of these sub- 
stances, 1500 ce. of water, 10 grams of urea per kilo and 10 grams of 
sodium chloride per kilo do produce an increase in catalase in keeping 


with the observations of Dahm and Steck, Tangl, Speck and Raeder, 


that large amounts of these substances produce an increase in 
oxidation. 

The injection of adrenalin into the portal vein stimulates the liver 
to an increased output of catalase. This fact suggests that the in- 
creased amount of adrenalin thrown into the circulation during com- 
bat may stimulate the liver to an increased output of catalase, and 
in this way aid in bringing about the increase in oxidation occurring 
during combat. 

Desiccated thyroid when introduced into the alimentary tract 
stimulates the liver to an increased output of catalase. This ob- 
servation suggests that the increase in the catalase of the blood which 
may be responsible for the increase in the respiratory exchange of an 
animal when fed with thyroid or in exophthalmic goiter is probably 
due to the stimulation of the liver to an increased output of catalase. 
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Considerable interest has attached itself to the question of the inner- 
vation of the thyroid gland, and as yet the conflicting evidence 
presented by different experimenters does not permit the drawing 
of definite conclusions. Asher and Flack (1), by stimulating the 
laryngeal fibers from the vagus, found the blood pressure response 
to adrenalin injection to be greatly increased. Asher (2) later decided 
that this increased effectiveness of adrenalin was due to the sensitizing 
action of the thyroid secretion on sympathetic endings following stimu- 
lation of the nerve fibers to the gland. Cannon and Cattell (3) demon- 
strated an electrical variation in the gland, which they interpreted as 
evidence of secretory activity following stimulation of the cervical 
sympathetic fibers, while stimulation of laryngeal fibers from the vagus 
was ineffective. Levy (4) observed an increased blood pressure re- 
sponse to adrenalin after stimulation of cervical sympathetic and after 
adrenalin injection, which he accepted as evidence of sensitization of 
sympathetic endings by the thyroid secretion following stimulation. 
Cannon, Ringer and Fitz (5), by fusion of the central end of the phrenic 
nerve to the peripheral portion of the cut cervical sympathetic trunk, 
obtained symptoms of sympathetic stimulation in the eye and in the 
ear vessels of rabbits, and also symptoms similar to those of hyper- 
thyroidism, such as rapid pulse, increased metabolism and hyper- 
excitability. These latter symptoms disappeared on removal of the 
thyroid on the side of the nerve suture, so the evidence was taken to 
indicate thyroid stimulation by the phrenic impulses. 

On the other hand Troell (6) failed to obtain any evidence of thyroid 
stimulation, either symptomatically or microscopically, on suturing 
the phrenic to the cervical sympathetic. Burget (7), and Marine, 
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Rogoff and Stewart (8) also reported negative results by this same 
method. Manley and Marine (9) and others, have reported that 
thyroid transplants survive and function in various parts of the body, 
regardless of nerve supply, so that secretory nerves to the gland are at 
least not essential to its activity. 

From the above contradictory evidence presented it is evident that 
any new contribution should be welcome. The object of the experi- 
ments described in this paper was to determine whether the thyroid 
could be stimulated to greater activity through repeated injections of 
cocaine, the basis of the use of cocaine being the work of Froelich and 
Loewi (10), in which they demonstrate quite conclusively that cocaine 
sensitizes sympathetic nerve endings to the action of adrenalin and to 
sympathetic stimulation. 


EXPERIMENTAL 


The subcutaneous injection of 35 to 50 mgm. cocaine hydrochloride 
per kilo body weight, or of 10 mgm. cocaine hydrochloride accom- 
panied by 1 mgm. adrenalin per kilo body weight, calls forth in the 
rabbit symptoms of undoubted sympathetic stimulation, such as 
maximal dilatation of the pupils, slight exophthalmos, constriction of 
the ear vessels leaving the ears cold to the touch, relaxation and loss of 
tone in the intestines, and erection of the hair over the body. That it 
is either a sensitization of the sympathetic endings to the normal flow 
of impulses over these nerves, or else an increased central stimulation, 
can be shown by cutting one sympathetic nerve in the neck and then 
noting the effect of cocaine on the pupils and ear vessels. Effects of 
the drug were seen only on the side having the intact nerve supply. 
Further, on frightening the animal, as by dropping from a distance of 
a foot or so onto the observation table, a slight dilatation of the pupil 
on the side of the intact nerve occurs within one-half second and dis- 


appears within one second after cessation of the frightening, thus 
indicating that the results obtained are not due to a sudden outpouring 
of epinephrin, but far more likely due to impulses traversing the sym- 


pathetic nerves. 

Having established to my satisfaction, then, that cocaine acts in the 
normal rabbit by increasing the effectiveness of the normally occurring 
sympathetic impulses, I next tried to determine the effects on the 
thyroid gland as evidenced by histological changes in its structure. 
Specimens of the gland were removed aseptically before and after the 
cocaine treatment and examined for changes in their microscopic 
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appearance. Ordinary aseptic precautions were observed in the 
injections. Since all references in the literature indicate that cocaine 
is only slowly eliminated, (Wiechowski (11), Grode (12) the treatment 
was begun with daily injections of sufficient strength to produce a 
maximal mydriasis of the pupils lasting about 30 minutes, that is, 
about 10 mgm. of cocaine per kilo body weight. However, since the 
effects seemed to be over within an hour, the injections were increased 
to 3 or 4.a day. In one series of five rabbits thus treated for 8 days 
there was observed no change whatever in the microscopic appearance 
of the thyroid glands. A second series of three rabbits was run, each 
animal receiving 5 to 10 injections a day for 11 days, and again no 
changes in the glands were observed. Neither did the rate of growth 
or general appearance and behavior of the animals indicate any lasting 
results from the use of the drug. 

Since the strength or effectiveness of the impulses over the sympa- 
thetic fibers should have been greatly augmented by the continued use 
of cocaine producing symptoms of thyroid hyperactivity and mor- 
phological changes in the gland, the evidence from these experiments 
contributes to the indication of a lack of secretory function of the 
sympathetic fibers to the thyroid gland. 


Note. The experimental part of this work was carried on in the 
Laboratory of Pharmacology of the University of Chicago at the 
suggestion, and under the direction, of Dr. A. L. Tatum, for whose 
aid and suggestions I desire to express my sincere thanks. 
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